
ISTDXAM AOHZOCUrrURAL 
Rb«baroh iKarrrtrre. Nbw Dblhi 


I.A.K. K « 

mi* arE.<c— s » c '-to.s ss — t5.«oo 





PROCEEDINGS 


OF THF 

INDIAN ACADEMY OF SCIENCES 


VOL. XXIV 


SECTION B 


BAMOALOR8 CITY 

P4UHTSX> AT THE BANOALORS PRESS. MYSORE ROAD 
* IMT 




CONTENTS 

SECTION B-Vol. XXIV 


No 1--July, 1946 

Paob 

S 3 rtnpo 8 ium on Statistics of Crop Production in India ♦ . . 1 

Morphological and Cytological Studies m Scrophulanacesc 

V. Striga eupbrasioides benth A R Shinivasan 21 


No. 2 August, 1946 

Studies in Galerucinae The Internal Anatomy of Galerucella 
hirmamca (Jacoby), Coleoptera, Polynhaga, Phytophaga, 
Chrysomelidac, Galerucinae S Mahmood Husain Kkatib 35 

Mastigocladopsis jogensis gen et sp nov , A New Member of the 
Stigonernatacea MOP IvfcNOAR and T V Pesikachary 55 

A Preliminary Record of Some of the Chemical and Physical 1 
Conditions in Waters of the Bombay Harbour during 1944*-45 

D V Bal, L B Pradhan and (Miss) K. G. Guptb 60 


No. 3 “September, 1946 

Further Application of Potassium Ferncyanide Method in the 
Estimation of Organic Carbon in Soils 

, K. L FChanna and S, C Sen 75 

Observations on the Colouration of Mystacohucus ogilbii (Sykes) 
during Growth . . M Rahimuluh 80 


No. 4— October, 1946 

A Systematic Account of the Marine Plankton Diatoms of the 85 
Madras Coast . , R Subrahmanyan 

On Decay of Certain Fruits in Storage . . S Sinha 198 



il 


No. 5-*Nov«mb«r, 1946 


Hot 

Devolopmentai Morphology in Some Indian Millets . . 

Shanti Khosla (MiSS) 207 

/ 

tudies in Crop Physiology— Deficiency-Sufficiency Effects of 
Fertilisers upon Growth and Protein Content of Wheat 
, * . K N Lal, Sati a Malkani and H S Pathak 225 

Latent Wither-Tip Infection on Citrus . . R P Asthana 243 


No. 6~-December, 1946 

The Nature of Proteinases of Thermophilic Bacteria 

N N Chopra 247 

Powdery Mildew of Betel Vines . • . 

, . B. N. Uppal, M N Kjvmat and M. K Patbl 255 

Studies on Cotton Jatsid (EmpoascM devasUas Dist } in the Punjab. 

Part X. Host Plants ... . M A. Ghani 260 

The Inhibitors of Enzymatic and Cupric Ion Oui^^dation of 

Vitamin C . X. V, Gnu and P. Swhaoiri Rao 264 



SYMPOSIUM ON STATISTICS OP CROP PRODUCTION 

IN INDIA 

(At Udaipur) 

From Warn to \ pm ; pm to 3-30 p m , 3-45 pm to 4-1 5 /> w , 
5 -IS pm to 6 00 p m on the 30/// December 1945 

(rw THP Chair Sir C V Raman) 

Dr P. V, SuKHATMF, opening the symposium, said that statistics of crop 
production depended on two f&ctors: 

(a) the area under the crop, and 

(b) the average yield per acre 

Statistics of acreage under the different crops were known with a high 
degree of accuracy for the temporarily settled parts of British India, but the 
position in the permanently-'^cttled parts and in the States was unsatisfactory 
There was an elaborate revenue agency m the temporarily-settled parts. 
Every patwari was required to make a field to field inspection of the villages 
under his charge m the ordinary course of his duties and there was aho 
adequate senior staff to supervise his work In the permanently-settled 
ports, however, there was no suitable revenue organisation The village 
official was only a chowkiJar, who was mainly a police official, was ill-paid 
and illiterate as compared with the patwan m the temporarily-settled areas, 
and therefore, tfl-equipped to record area under crop by field to field inspec- 
tion. The procedure of ascertaining acreage m the permanently-settled 
parts was to ascertain the relation which the area under the crop in any year 
bore to the normal acreage of that crop This was done by each subdivi- 
sional officer who passed on the estimates to the district officer The latter 
modified the estimates so received m the light of his personal experience and 
passed on the modified estimate to the Director of Agriculture That was the 
leasoit why acreage estimates were not accurate The position was even 
worse m the States as no acreage statistics of any sort were maintained for 
nearly, 2/5 the area covered by them 

The method of random sampling was suggested as an alternative for 
estimating the acreage in the permanently-settled Provinces and States where 
revenue organization on the model of the patwari agency in the temporarily- 
settled parts, did not exist. The method consisted in inspecting randomly 
sdected sample areas in place of each and every field in the province. The 
posdMIities ^ the method were explored for a number of years, both m Bengal 

■i 1 
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and Bihar, but the results did not appear to be encouraging As an instance 
he told that results relating to the random sample survey earned out in 
1943-44 m Bihar showed that the margin of error of the acreage estimates 
even for such large area as a district was so high as to make the estimates 
almost valueless for administrative decisions The margin of enor was 
particularly large for crops which occupied relatively smaller area Such 
were the results even when the scale of sampling covered every village m 
the province Since acreage estimates formed the basis for the whole range 
of agricultural statistics, it was desirable that this basis should be as complete 
as possible, and. m any case, reasonably accurate figures should be available 
for all crops and for territorial units of the size of the distnet He was 
glad that ihe Bengal Famine Commission, who examined the question in 
considerable detail, were of the same view They wrote ‘ If full and detailed 
information as regards acreage under all crops is the objective, as it certainly 
should be, such information can only be obtained by means of complete 
field to field enumeration and not by the random sampling method * Their 
conclusion deserves serious attention on the part of all interested in the 
improvement of agricultural statistics Complete field to field enumeration 
by well-trained village agency was the only method of bringmg about lasting 
improvement in the acreage sutistics such he said that in the perma- 
neiftly-seltled parts this agency should be immediately establish^ and 
strengthened on the model existmg in tiie temporarily-settled parts. He was 
glad that Orissa had already appointed an agency to carry out field to field 
enumeration He was also glad that Bihar, after having given a trial to 
the random sampling method, gave it up as unsatisfactory and had now taken 
to complete enumeration by tlic method analogous to that m the temporarily- 
settled Provinces. He hoped that Bengal would follow suit and would set 
up the necessary organisation for complete enumeration 

Turning to the second factor, viz , the average yield per acre, he said 
that under the existing official procedure this was determined by multiplying 
the normal yield by the condition factor The normal yield was defined 
as the yield per acre on average soil in a year of average character The 
condition factor was a subjective estimate of the crop m terms of the normal. 
The determination of both these factors was largely a matter of guess work, 
as wa^ apparent from the fact that die average of the condition factor over 
a senes of years was not equal to the corresponding equivalent of the normal 
The correct approach was to conduct crop-cutting experiments on the 
principle of random samplmg m numbeis which were large enough to dctcr- 
inine the average yield per acre for the whole province, and, if possible, for 
,^h district, 
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The application of this principle involved five considerations — 

(1) riow to select a random sample of sites for experiments within a 

stratum. 

(2) What IS the most practicable way of dividing the province mto 

homogeneous strata 

(3) How many sample plots should be chosen for expenments 

(4) How should the plots be distributed among the diffeicnt strata 

(5) What should be the shape and size of sample plot foi experiments 

Random sampling implied an equal chance for cveiy sample plot under 
a crop to be included in the sample Tins could be done eitlicr by selecting 
random points and constructing a sample plot at eatli of these pomth or hy 
selecting random fields and locating a sample plot in each selected field 
It was not practicable to locate a selected plot by mcdnj> of the first method 
The second method too was not feasible, since it was not practicable to 
prepare a list of all the fields in advance and select therefrom A piactical 
method of selecting a landom sample of fields was to select a sample of 
groups of fields and then select a sample of individual fields from each 
selected group Previous investigations especially those of Panse and 
Kalamkar and his own showed that the most convenient nicihod of :>clccting 
a random sample of sites for experiments was to select villages, lo select 
fields in selected villages and to locate a plot m each selected field It was. 
however, possible that m this method the yield estimates may be biased if 
yield was associated with the size of a village or a field One could, how- 
ever, always weigh the plot-yields with the area under the crop m selecicd 
fields and villages and obtain corrected yield tstimaUs m case tlicff^ was 
any association between the yield and aica under the crop m a field or village 
His own lesults showed that no correction was requtud^ practice 

The object of dividing the province into homogeneous olratn was to 
eliminate the differences in yield between the stiata Iroin the sampling error 
of the mean yield for the province This was known as the method of strati- 
fication. It con&istcd in dividing a province and its districts into zonas 
which were as homogeneous as possible He said that i»tratjfication by 
tahsils was found to be administratively convenient and statisiicaUy cfficieni. 
but he would leave the implications of this finding to be explained by 
Dr. Panse, who was to follow him. 

The number of experiments to be conducted for estimating the pro- 
vincial mean yield with a given precision depended upon the magnitude of 
the variability between villages and the magnitude of variability between 
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fields within villages If ^ P fields were sampled from a village and 
plots were sampled in a field and the number of villages sampled from each 
stratum was m pioportion to the area under the crop in the stratum, then the 
sampling variance of the average estimate of yield for the province was given 
by 


V{A) ^ 




P 

rxjp 


where n is the number of villages m the province selected for experiments 
and V, F and P denoted the estimates of the true variance between villages 
wnhin strata, between fields within villages and between plots within fields 
respectively \ glance at the formula showed that for a given number of 
experiments the sampling error of tJie estimated yield was tlic leajt when 
experiments were so distributed that one experiment each was conducted in 
a different village of the stratum Given the values of V, F and P one could 
determine ‘he number of experiments required for attaining the objectives 
of ciop-cul'ing experiments Theie were, however, other considerations 
which determine. d the number of experiments and its distubution within 
a stidtum Tlicsc were (n) llu staff available, (h) tlic number of days available 
for hai vesting and (f) the cost When crop-cutting experiments had to be 
conducted with the help of the departmental agency, as in India, and the 
period available for hui vesting was limited to about a fortnight, as in the 
case of wheat, the number of villages that could be allotted to each field 
staff was limited T oi , unlike m USA, and England, travelling from one 
village to another was difficult in India and took, on an average, a day from 
one landom village to anoilier in a tahsil Again, of all items of cost, 
(ravelling between villages was by far the Jaigest item It was, therefore, 
important that having reached a village, the worker was asked to utilise the 
day fully These considerations led to a scheme of work which counselled 
more tlian one experiment per village Thicc fields per village and one 
plot witfun a field was found to be about the optimum distribution He 
said that he lud calculated tables from which the number of villages required 
for cbUmating the mean yield with a given precision could be readdy deter*- 
mined 


The size of plot to be selected for expenmen is was a matter of consi- 
derable controversy In countries like USA and England the plot size 
adopud w«is very imall, of the order 1 /3,000th of an acre Even in India 
workers in IVngal and Bihar adopted small size plot of about the same order 
These plots were marked with the help of rigid or scmt-ngid frames In his 
surveys he was, Iiowcvei, using a much larger plot size varying from 1 /100th 
to 1 /20th of an acre depending upon the tract and the crop. The plots were 
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marked \vith the help of chains and pegs He had conducted investigations 
for comparing small size plots as were marked with the help of rigid 
or scmi-ngid frames and were used in Bengal and Bihar with laige size plots 
such as he himself adopted m his surveys The results of these investigations 
brought out certain interesting facts As an insUnco, he gave figures for 
the average yield for each plot size obtained in his invcsiigation in the district 
of Moradabad (UP) shown in Table 1 
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He said that a glance at tlie table showed that smaller plots gave ovei- 
estimates The degree of over-estimation dccicascd as the plot size in- 
creased» but even as large a plot as I18sq fr was not free from bias The 
results were consistent both for irrigated and un irrigated wheat and tor each 
tehsil in which experiments were earned out The rcults ewcrc conclusive 
m showing that the use of small size plots such as were adopted in Bengal 
and Bihar, in the unevenly sown crops in India and possibly also USA 
and England, was allendcd with risk and, in all probability, led to serious 
over-estimation of the yield per acre. 
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The probable reason for ovcr*estinmtion in plots of small size was the 
human tendency to include too many border plants inside the plot. In the 
case of small plots the number of plants on the border formed an appreciable 
proportion of the total number of plants msidc the plot The estimate of 
yield was consequently more influenced by the contribution of border plants 
in (he case of small than large size plots A plant consisted of several tillers 
with a fairly large width at the base on the ground The workers, therefore, 
naturally experienced difficulty in deciding whether to include the border 
bunches inside the plot, to exclude them or to divide them The results 
indicated a tendency to include tJie bunch as a whole inside the sample area 
Naturally with increase in the size of the sample plot and the consequent 
increase in the liarvestcd sample produce, the degree of over-estimation 
resulting from die inclusion of border plants also diminished He had also 
carried out investigations for comparing large size plot with the field as a 
whole and gave figures to show that the estimate of the average yield as 
obtained from the large size plot and from the field as a whole agreed within 
the margin of their sampling errors 

Smaller plots also inv<flved more sampling than larger plots As an 
instance he presented Table TI 
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This table showed that for a given number of fields in a village and a 
given number of plots in a field, the number of villages required for esti- 
mating the mean yield with a given precision increased as the plot size 
decreased As an illustration, he said, that m sample surveys on full pro- 
vincial scale where three fields were sampled m each village and one plot 
in each field, the table showed that the use of a plot size 12 6 sq. ft in area 
in place of a triangular plot of area 472 sq ft involved 60 per cent, more 
sampling for estnnatuig the mean yield with 5 per cent sampling error. In 
general, the tabic showed that the use of small size plots in place of the large 
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siw plote, which he was adopting* led to a considerable increase in the number 
of villages to be sampled in order that the yield could l>e esmnated with the 
same precision. The number of days available for harvesting being limited, 
the additional sampling of villages needed additional staff. Even assuming 
that additional villages could be managed by the existing staff, they would 
involve proportionate increase in the cost of travelling and. therefore, in 
the total expenditure on survey, unless that additional expenditure on travel- 
ling was offset by a decrease in the cost on actual harvesting of the crop 

He said that the same table could also be used to answer whether it 
would not be possible to replace a large size plot by ^eve^a^ small size plots 
by sampling more fields in a village and harvesting mor^,' than one plot in 
a field without increasing the number of villages The general conclusion 
that emerged from the table was that the number of fields to be sampled 
when the plot size was small would have to bo much larger as compared With 
(he number of fields when the plot-size was large and might w»,ll be uneconomic 

The use of small size plots also required a precise technique for its loca- 
tion, marking and handling of its produce, and unless the staff was well 
tramed and great care and vigilance were exercised, there was room for com- 
mittmg several errors m experimenting with them When the agency 
available for crop-cutting experiments consisted of the available depart- 
mental staff, as in India, and when further they were expected to carry out 
this work in the course of their normal duties, it was also important that 
utmost simplicity was maintained m the technique By far the greatest risk, 
however, m the use of small size plots was the possibility of gelling biased 
estimates These ©onsideralions coupled with the fact that the amount of 
sampling required for small size plots was excessive, ruled out the possibility 
of usuig them in the unevenly sown crops in India, until, at any rate, such 
time when facilities for transportation and travel from one village to another 
changed to what they were available in England and America and a suitable 
portable frame could be devised which guaranteed unbiased character of 
the yield estimates. 

Dr V 0 Fanse said that a clear explanation of the statistical principles 
underlying the random sampling method for estimating crop yield had 
already been given by Dr. Sukhatme He, therefore, intended to illustrate 
their application by describing a large-scale sample survey on cotton m pro- 
gress in the Central Provinces 

It was m Central Provinces and Berar that the present method of con- 
ducting crop yield surveys was first developed on cotton Beginning with a 
small survey confined to Akola District in 1942-43, there had been rapid 
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and extensive developments and now the method Vas being applied to 
province-wide yield surveys on vanous crops. The present cotton survey 
in Central Provinces embraced the whole of the cotton area in the province 
which was about 3 million acres and was the largest provincial acreage under 
this crop. The cotton area was spread over 10 districts covering a geogra- 
phical area of 27 thousand square miles The object with which the work 
was taken up was not merely to determine the yield accurately but to do it 
in such a manner that the method would be acceptable to the administrators 
both on account of its practicability and the reliability of its results, The 
aim was to develop a technique which was scientifically sound and fcawble m 
practice and which could be made an annual departmental feature for esti- 
mating crop yield It was only when such a technique was incorporated 
into the administrative routine that a real and lasting contribution would 
be made to the improvement of Indian Agricultural Statistics. 

He then described the organisation of the cotton survey in progress in 
Central Provinces m the current year. In each district of the province there 
were 3 to 5 tahsilg or taluqas each with an area of 600 to 800 square miles 
and contammg roughly 400 to 500 villages Further in each taluqa there 
were what were called 3 to 4 Rievciiuc Inspectors’ circles. These circles 
Were taken as the strata or subdivision witlivn which random sampling was 
done Depending upon the cotton acicage of a circle, 2 or 3 villages were 
selected at random trom the list of villages in the circle In each selected 
village 3 cotton-growing fields were randomly selected fiom the complete 
list of fields having this crop in the particular season. This list was prepared 
by the village patwan. A plot was marked m a random position in the 
selected field for harvesting The number of experiments, / e , the number 
of villages and fields, and iheir distribution in the different districts was based 
on the technical conclusions derived from the previous seasons* surveys and 
were expected to provide estimates of yield with a certain desired margin 
of accuracy. Selection of villages was done centrally and detailed instruc- 
tions for the selection of the fields and for markiifg and harvesting plots were 
given to the field staff The Revenue Inspector of the Circle was responsible 
for marking the plots m the fields selected by the Provincial Officer. The 
plot size was 1/lOth acre which was the standard size adopted in the depart- 
mental crop-cuttmg experiments It was found that there was no gain, 
either statistical or practical, in plots of a much smaller size and the retention 
of the plot size with which both Government Officers and cultivators were 
familiar had a psychological advantage. Plots were harvested by the patwari. 
AH that he had to do was to pick the cotton of the marked area whenever 
it was ready, record the yield by means of balance and weights {Hrovided, 



Spnfiasiu0t on Siaiisiics of Crop Production tn India 9 

MA tupott tbe figure ta the Di&trict Supervisor immediately after each 
picking. Cotton was dUferent from other crops in respect of harvesting 
While the harvesting of other crops was finished in a day. m cotton it had to 
be done in six or seven rounds of pickings, spreading over three or four 
months and the plot must remain undisturbed on tbe ground for the whole 
season. This was another reason why large plots were necessary for cotton 
The peculiarity in harvesting of cotton had a compensating advantage in 
diat the possibility of supervision was greater than in other crops 

In all there were 1,000 field experiments and from the results of previous 
surveys it could be predicted that the provincial yi^ld per acre would be 
estimated with a standard error of about 2 5 per cent Explaining the 
meaning of tbe standard error, he said that the yield per acre wa* a sample 
estimate and the standard error provided a measure by which the true yield 
was likely to differ from the estimated yield. Consequently, the smaller the 
standard error, the narrower would be the range within which the true yield 
would most probably be. It was, therefore, necessary that the experiments 
should be planned m such a way that tlic standard error should be as small 
as possible The precision of the estimated yield depended upon two 
factors; (1) Stratification or subdivision of the area, and (2) total number 
of expenments. 'For instance, with a given number of experiments to be 
carried out m the province. 1.000 in the present case, these 1,000 experiments 
could have been randomly scattered over the whob province Instead, the 
province was subdivided into districts, the district into tahsils, and tahsil 
into Circles, In this way this large tract was first subdivided into a number 
of comparatively homogeneous strata and experiments separately located 
randomly withm each stratum so that the differences between these sub- 
divisions would not effect the magnitude of the standard error. Stratification 
would thus be one factor which would help m increasing precision There 
was, however, a limit to this gam in precision by stratification, and tahsiL^, 
he thought, would be that limit. By a further subdivision of tahsjls he did 
not expect any greater increase in accuracy but all the same this subdivision 
was found desirable for the sake of administrative convenience. Another 
factor that governed the precision of expenmentH was their number The 
larger the number the greater was the precision. It was on these consi- 
derations that he had arrived at 335 villages with 3 fields per village as the 
moat suitable specification for conducting crop-cutting experiments on cotton 
in Central Provinces. 

tn such surveys the honesty of the field staff and the reliability of the 
results suf^lied by them was always a disturbing consideration to the mind 
Attempts had been made to overcome this difficulty by arranging that the 
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cxper{tn«ntal work was done by two or more pardes of invecdtatan mofyinf 
independently in the tiamo area, thereby providing a dieck on one 
work. Such arrangement, in his ofrinion, would not serve the purpose of check- 
ing the honesty of the field staff and would not also be practicabie as it could 
not fit in With the departmental administrative machinery. The only check 
which he considered feasible was to devise adequate technical supervision of 
the field work and minimise the scope for dishonest work. In the present 
instance, the field staff had no hand in the selection of experimental plots 
and all that they were concerned witli was proper harvesting and correct 
weighment of the produce, but h^^re agam a check was provided by insisting 
that the results of harvesting should be reported to the District Supervisor 
on the very date of harvest 

As regards the controversy of the small and large plots to which 
Dr. Sukhatme had referred, he said that in respect of cotton the question of 
small plots did not arise. The plot had to be on die ground for a number of 
months and moreover as only a fraction of the crop was harvested at each 
picking, tile plot had necessarily to be a big one Even otherwise, the 
question of plot si/c was a minor one and should not be allowed to assume 
proportions when the present progress would be in danger of being hdd up 
The main objective should be to insist on the fundamentals of a scientific 
method and demonstrate its pracdcability to the administrators and this 
required that only such modifications should be introduced in current methods 
as were essential The present problem is, “ Can we persuade provmcial 
administrations to take up the scientific method, of crop estimation as an 
annual routine immediately ? " On the success tn achieving this depended 
the real contiibution of their eiBforts to the improvement of Indian Agricultural 
Statistics There would be plenty of time later to consider modifications 
and further improvements of details 

Mr. K. Kishen said that he would illustrate the application of the statis- 
tical principles to the estimation of wheat by descritnng the results of the two 
crop-estimatmg surveys on wheat conducted m the United Provinces during 
1943-44 and 1944-45 under the technical direction of Dr. Sukhatme. During 
the 1943-44 Rabi season, the survey Was carried out in 45 out of the 48 dis- 
tricts of the United Provinces, leaving out the hilly districts of Naini Tal, 
Alniora and Garwal, The geographical area covered was 92,000 square 
miles The estimated expenditure on the survey (including the expenditure 
On statistical work) was Rs. 53,000. During the 1944-^45 Rabi aeason, one 
mote district, viz , Naim Tal (Plains portion) was added to the 45 (fistricts 
selected in die previous year and die survey was catried out in these 46 dii* 
tricts. The geographical area covered by the survey increased to 95,000 
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wmaM laitot and tb« atiiatted openditute on the rmvtiy was Rs. SS.OOO. 
In 1943^. ].140 viUagei r^esendng q»pro]diaate)y 1*3 per cent of the 
total Biffi&ber of viBagea in ^ province, were select^ fw the experiments. 
In 1944-43, 1.074 viUagea, representing about 1 per cent, of the total number 
of yflkges were selected. In both the teasons, the plan of sampling was 
similar. The total number of villages sdected were divided roughly in pro- 
portion to the areas under wheat in the different tahsik. In each tahsii, 
the field w<»k was usually done by one Junior Supervisor Qanungo, but^in 
tahsils where die number of villages was more dian 7, two Supervisor 
Qanungos were put in charge of the work. The entue field work was so 
organised that no Supervisor Qanungo was required to carry out the ciqiert- 
ments in more than 7 villages The villages within a tabsil were selected at 
random with the help of printed random numbers to give equal chance to 
each village to be included in the list of selected villages. Witbm a selected 
village. 3 fields were chosen from among all the fields m the village under 
udieat, both pure and mixed, and within a selected field, a plot of 1/20th 
of an acre (66' x 33') was located at random. 

He stated dmt the entire field work was carried out by the revenue staff 
in the various districts under the administrative control of the Board of 
RevMue, Umted Provinces, with the full co-operation of the Director of 
Agricuhute and his staff The organization for the work during die 1944-43 
season was as fofiows;— 

I At Provincial Headqwuters — 

(i) The Assistant Director of Land Records (in-charge of Statis- 
tics): and 

(u) Hie Statistician. Department of Agriculture, United Proviacsv. 
n. At District Headquarters — 

(i) The Oflicer-in<harge, Land Records, in each district; or, if 
for any reason, it was not possible to allot the work to him, 
another suitable Junior Civilian or Deputy Collector, as 
Qfficer-in-charge of the crop-cutting experiments on wheat; 
(li) A Senior Supervisor Qanungo. 
m. In Tahsils. - 

One or two Junior Supervisor Qanungos in accordance with 
die local requirement. 

He them rHorred to the practical difficuldet enoountnred in a few ifiUages 
in the coune of the field work. Although the cultivators all over the pro- 
^we gsnendly co-operated with the revenue staff during die conduct of the 
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ei^erimenta, it noticed that a few of them had a lurkmg suipieioit that 
tiieir produce ^ould l>e puifchased by OoveXDment In consequence, thtno 
cultivators wxe at first senously oppe^ to allowing their fields to be caperi'* 
mented on and it was only after the object of the survey Was courteously 
eiqfiained to them that their suspicions were allayed In a few <nher cases, 
on account of the prevailing high price of wheat, the cultivators were incbned 
to harvest their crops even when green and unnpc for fear of theft of the 
produce and were with great difficulty persuaded to wait till the sdteduied 
dates of harvesting of their fields fixed by the Junior Supervisor Qanungos* 
In a very few cases, the cultivators actually harvested the fields even earlkr 
than the fixed dates for harvesting. In some stray cases, the dates of har* 
vesting fixed by the Junior Supervisor Qanungos had to be altered as the 
crop in diose areas had npened earher than expected on account of the blow- 
ing of dry westerly winds In such cases, the harvesting had to be done earlier 
than the dates fixed for the purpose and sometimes simultaneously with the 
selection of fields. In a few cases, when the village selected was unusually 
big and all the three fields were mature for experiments on the same day 
sotne difficulty was experienced in harvesting all the three fields in one day. 
In a few other coses, the three fields in a village did not npen on the same 
day and the Junior Supervisor Qanungo concerned had to repeat his visits 
to such villages Although a Junior Supervisor Qanungo is in charge of 
part of a tahsil, called his Circle, he was required to conduct c;q)enments in 
all the villages within his tahsil. He experienced considerable difficulty 
when working in villages falling outside his circle as he did not get full co- 
operation from the patwaris and other revenue staff of the areas outside his 
jurisdiction in the conduct of his work. These practical difficulties had been 
largely ov^xsome in the crop-estimating survey on wheat during the 1945-46 
Babi season. The plot size had been rcduc^ from l/20th of an acre to 
J/92*4 of an acre, the shape of the plot being an equilateral triangle of side 
33 feet With the help of specially constructed triangular chains, it was now 
relatively easy to mark out this plot in the field Instead of employing one 
Junior Supervisor Qanungo in each tahsil, all the Supervisor Qanungos 
throughout the province had been trained up m the technique of carrying 
out the experiments and those Supervisor Qanungos in whose circles the 
selected villages fell were required to conduct the experiments in the villages 
within their circles. 

Mr Kishen then briefly discussed the results of analysis of the data for 
the two surveys. It was found that for the 1943-44 survey, ffie sampling 
mot expressed as percentage of the distnet mean yield in 26 out of the 45 
districts was less ^an JO per c^nt. Qenerally, in the dhtrjet whei^ dte 
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number of villages was about 40, the sampling error was about 6 per cent. 
In only three districts was the sampling error as high as 25 per cent. The 
sampling error of tfie provincial estimate of the mean yield was only 1*5 
per cent. It was also found that the official forecast of wheat over-esti- 
mated the wheat out-turn by about 15 per cent, dunng the year 1943-44 
and by about 10 per cent, during the year 1944-45 This over-estimation 
reflfected on the accuracy of the existing official method of crop-forecasting. 
He then said that an idea legarding the number of experiments required to 
be conducted in each district and the province for obtaining estimates of 
the district mean yields with a given precision could be had from the follow- 
ing statement showing the numbai of villages required for the different 
percentages of standard errors: — 


No. of viUages required for the different iiercentage# of stindarcl errors 

No of fields per 
village 

2 p c 


981 
fi40 
452 

A glance at the above table would show that in order to estimate the 
average yield of a district with 5 per cent standard error, 86 villages per 
distnct with 3 fields per village would be required to be selected On an 
average, that would mean a selection of about 22 villages in each tahsil of 
the province. That number was, however, too large for one Supervisor 
Qanungo to manage during the period of harvesting Even for a lower 
precision of 7 per cent , 44 villages per distnct or 1 1 villages per tahsil would 
be required, which was also rather large for one Qanungo. Experience 
had shown that with the staff of one Junior Supervisor Qanungo in a tahad, 
six villages per tahsil or 25 villages per distnct could be conveniently managed. 
With that arrangement, it would be possible to estimate the average yield of 
each district with a standard error between 9 and 10 per cent* However, 
an error of 9 to 10 per cent, was too large to be useful to the administration. 
The only practical solution was the employment of all the Supervisor Qanungo 
in all the circles of the province and distribution of the villages selected 
in each tahsil among all the Circle Qanungos in the tahsil. each Qanungos 
bdng reqidred to carry out experiments in such of the villages as in his 
circle. The field work during the 1945-46 season had been organized 
on these lines and it was hoped that as a result of that step, it would be 
possible to estimate the district mean yields with increased precisiont 


♦ pc 

5 p c 

1 ’ i 

1 10 p c 

1 

245 1 

' ' 1 

167 1 

80 

30 

135 

86 1 

1 44 

22 

113 

1 

72 j 

1 

1 37 

18 



14 ^ SUtiisHcs 0 f Crop Ppo4ticiion in ImUn 

ib, Kisbm Ihm roferf ed ta the uniaimfhctory character of the tUtiiCtel 
of Ottt-tum for oilseed crops, such at linseed and mustard in the United Fro« 
Vinces. Thw oropt were generally sown mixed with other crops and the 
estimates of th^r out-turn obtained by the eristing official {procedure were 
imrehable and largely conjectural Confining attention to the linseed and 
rapseeed crops, for the sake of illustration^ he remarked that there were as 
many as 18 crop mixtures, e.g, wheat-rapeseed, barley^apeseed, gram* 
rapeseed, wheat-linseed, barley-linseed, gram-linseed, etc., which contained 
linseed or rapeseed as one of the constituent crops. The proportions of 
constituent crops in these mixtures were largely dependent on the whim of 
the cultivator who was mostly guided m the matter by purely economic 
condderations. Thus the proportions of the constituent crops varied 
widely from tract to tract in a given year and also from year to year for a 
given tract. A discussion was held in the province to effect improvement 
in the estimates of out-turn of oibced crops sown mixed, and it was thought 
necessary to add as many as 36 columns (two for each of the 18 mixtures 
above) in the Kabi crop statement prepared by the patwan Fusthermore, 
on account of the wide variation tn the proportion of constituent crops 
in a mixture, it was also necessary to take into account these proportions 
for the purpose of conducting crop-cutting experiments and determining 
average ^el^ per acre for linseed or rapeseed in each of the 18 mixtures 
for varying proportions of linseed or rapeseed. It was thus clear tiiat some 
aspects of ffie problem of effecting improvement in the statistics of crop 
productiem m the United Provinces presented great difficulties and could 
not be overcome without the expenditure of a heavy amount of money, time 
and energy. However, it was fortunate that the problem of mixed crops 
was not so complicated in the case of important food crops. 

Mr, Kishen concluded by saying Aat in the United Provinces, crop- 
cutting experiments on wheat and paddy on a province-wide scale had 
beocmie more or less a permanent annual feature. In connection with the 
crop-estimating survey on wheat during tiie 1945-46 rabi season, it was the 
intention to tram all the Circle Qanungos, about 700 m number, throughout 
die province in the technique of carrying out the experiments. With the 
hdp of that trained agency, it would be feasible to extend crop<utting experi- 
ments to other important crops, vie , juar, bajra, maize, barley, t^am, mhav, 
cottim and sugarcane m the immediate future. It was only by that means 
that the much needed improvment in the existing seriously defective statis* 
lies crop production in the province could be effected, 

Mr, G. H* Ayachit said that the official procedure for determining the 
pormal yidd provided for the conduct of crop-cutting eiqfiedm^ts on avemfe 
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8dkl«. In actaal practice, however, these experiments were rardy carried 
out and where they were carried out the method was known to be defective 
as the setection of the fields was based on the personal notion of average. 
The correct procedure was to conduct these experiments in the fields selected 
on the principle of random sampling method This was recognised as far 
back as 1919. The Board of Agriculture recommended that crop-cutting 
experiments should be conducted on the principle of random sampling 
m^od Attempts were also made by Sir John Hubback in Bihar (1923-25) 
and later by Sir C D Ekshmukh in Central Provinces (1928-30) to introduce 
the principle of random sampling method, for carrying out crop-cutting 
experiments. But these attempts did not leave a lasting impression on the 
methods followed by the provincial governments for conducting their crop- 
cutting experiments. The question naturally arose Why were the Pro- 
vinces carrying out the experiments by the old method when the random 
sampling method was the correct procedure ? The plausible reason for 
this situation seemed to be that these earlier schemes had been formulated 
without full appreciation of the practical difficulties involved In the intro- 
duction of ran^m sampling method for conductmg crop-cutting experiments 
It was thought that these experiments required large additional staff and 
additional expenditure. To add to these there was also the unwillingness 
on the part of the provincial governments in introducing any thing that was 
different from the traditional departmental routine. These were the consi- 
derations kept in view when the Imperial Council of Agricultural Research 
formulated schemes of crop-cutting experiments on an all-India basis. It 
was obvious that if the random sampling mcdiod were to replace the existing 
procedure then only the minimum essential changes should be made in the 
current procedure so that experiments could be earned out by the existing 
departmental staff in the course of their normal duties, without heavy addi- 
tional expenditure. Accordingly, those aspects of the scheme which did 
not vitiate the random character of the sampling method were retained m 
the new technique, eg, the size of the plot. It was considered that there 
was no particular advantage in changing the size of the plot to which ofSms 
and cultivators were accustomed under the old method. There was in fact 
a definite psychological advantage in not changing it. The results of the 
Moradabad ^strict desenbed by Dr. Sukhatme showed that their decisions 
to adopt the large plot size was a sound and a safe one as in all probability 
in earlier attempts yield was over-estimated. 

The first experiments by the random sampling method based on large 
size plots Were conducted on wheat m the United Provinces and in the Punjab 
during the year 1943-44 The experiments were carried out by the staff of 
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Provincial Departments of Revenue in the United Provinces and Agrt* 
cidture in the Punjab The entire field staff was trained by the 1 C.A.R, 
StattsticiOfns. The field staff were required to send the returns to the centre 
as soon as the prescribed work was over. The returns were scrutinised as 
they Wore received and the data subsequently analysed, Tn view of &e 
encouraging results of these surveys, the work was extended to paddy crop. 
Three pilot schemes were carried out in khanf season of the year 1944 in 
Raipur district in Gmtral Provinces, in Tanjorc district m Madras and in 
Kolaba distnct in Bombay, In the year 1944-45, the experiments on wheat 
were extended to C,P , Sind and N W,F P, m addition to U.P. and Punjab 
and expenments on paddy were extended to the whole of rice-growjng 
of India excepting Bengal. The successful organization of these surveys 
involving the training of a large number of field staff of the provincial 
departments and covering a geographical aiea of India’s size within a brief 
period of two years was a definite advance in the application of statistical 
science and was brought about by the efforts of the Imperial Council of 
Agricultural Research. 

During the first year (1943-44), the total number of experiments con- 
ducted on wheat in Punjab and United Provinces were 2164 and 3444 and the 
mean yields were estimated with the sampling errors of only 1 5 and 1 4 
per cent, respectively, The sampling error of the provincial estimates of 
mean yields m surveys conducted during 1944-45 also varied between one to 
three per cent It was interesting to compare the sampling estimates with 
the official ones. The first wheat survey in U P. showed that the official 
figure was an over-estimation to the tune of about 15 per cent, and these 
surveys in the Punjab showed that the official estimate was slightly an under- 
estimate by about 10 per cent The official estimate for N W F P. was also 
an under-estimate. In C P and Sind, however, the two estimates agreed 
within the margin of sampling errors. It was m the distnct estimates of 
yield that the real weakness of official figures lay. Thus in C P. although for 
the province a$ a whole the sample and the official estimates agreed wiffiin 
the limits of sampling error, the official figures in the individual districts 
were in considerable errors. In most of the districts the official estimate 
was higher than the sampling estimate and m six districts, the differences 
were significant Out of these six districts, four districts were from paddy 
tract of Chhatttsgarh division and the official estimates for these four dis- 
tricts were higher than the corresponding samplmg estimate by a margin 
going from 44 to 88 per cent. Equally accordmg to sampling estimates 
there was a very large variation m the average yield from district to district, 
the range variation going from 2 19 maunds to 7 93 maunds per acre. The 
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official figures^ on the other hand, were relatrvely closely grouped around 
the provincial average 5-03, their range variation being 3*77 to 6'72 which 
was only about half the range of variation for the sample estimates Tltis 
narrow range of variation in the official estimate of yield per acre was a 
direct consequence of the narrow range of variation of the district normal 
yidd figures since the official yield was the product of the normal yield and 
the condition factor* It was apparent that if the crop-cutting experiments 
wore repeated over a number of years, the resulting normal yields would be 
considerably different from those used by the Provincial Governments for 
calculating the official estimates of the yield per acre. 

He further said that apart from estimating the yield the surveys could be 
utilised in obtaining useful ancillary information regarding other cultivation 
practices. The surveys also brought the staff of the Department of Agri- 
culture ui contact with interior villages which the staff had never visited m 
the course of their normal duties. 

Sardar Labh Singh referred to his connection with the traditional method 
of crop-cutting experiments in the Punjab for over 20 years In this pro- 
vince an average field in an average village was selected for the experiment. 
This selection was definitely dependent upon the personal factor. But apart 
from this personal factor, there were other reasons for inaccuracies m the 
agricultural statistics As the origin of the collection of statistics relating to 
yields of crops was in connection with the commercial or administrative 
point of view, persons who had to collect yield data were inclined to be on 
the lower side to be sure that the land owners were not overtaxed. This 
Was the reason why the official figures of cotton (normal yields) were much 
lower. The cultivators also, being afraid of increase in the land revenue, 
were ready to do whatever they could to lower the per acre value of the 
crop. In case of crops other than cotton, where the selection and harvesting 
can be done on the same day, there is a possibility of getting accurate results 
but in case of cotton where the harvesting is to be done in five to seven 
instalments and the crop had to remain for a period of two to three months 
on the field after the commencement of harvesting, the farmer through fear 
of increased assessment would in most cases try to interfere. He would try 
to pick some bolls, and stop irrigation and thus would deliberately try to 
lower the yield. Thus in spite of all the efforts to improve per aae value of 
yield there would be considerable danger of interference by the fiirmer and 
there would be a great tendency on hi$ part to lower the yield. The land 
revenue policy was thus responsible for the inaccuracies in the agricultural 
statistics to a very considerable extent. 
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Mf. Bs C. SM^ram said that apart front giving reliaUa estatuUes of 
actual ykU, randcan sample surveys provided die best means of obtaining 
yfcikt forecasts with a constd^able dbgree of accuracy. These forecasts 
were mom important from the point of vievr of commerce and industry. A 
catcM eye^tunation of the crop in the sam]de plots, quantitative observa^- 
tions on omnpoiientt of yield such as number of plants per unit ana and 
number of bolls per plant or other plant characters related to yield, amount 
of eaittfall and other information could be utilued to make a reliable fore^ 
catt of yield. Regression relationships of these quantities with actual yidd 
obtained from the three years* surveys carried out on cotton in Central 
Provinces and Berar since the year 1942-43, were being studied with the 
object of obtaining suitable prediction fomulie 

A considerable amount of anctliary information of both scientific and 
practical value could also be had from the sampling survey. This included 
various aspects of cultivation practices, spread of improved varieties and 
factors governing crop yield such as depth or nature of soil. This type of 
information was being collected in the surveys on cotton in Central Pro* 
Vinces and Berar. For example, the spread of improved cotton varieties 
was measured in the provincial survey in 1944-45 It was found that most 
of the cotton area in Berar was under the imi»'oved variety Jarilla while 
Central Provinces had only 7-4 per cent of the total area under this variety. 
It was also noted that the yields per acre of Jarilla in Berar was slightly 
higher than in Central Provinces and the difference was of the same order 
as the yield of ail the varieties in the two tracts. 

Mr. Panda said that as one who was required to consult agricultural 
statistics frequently in the course of h» work in the Planning and Develop- 
ment Department, he welcomed the attempts made by Drs. Sukhatme and 
Panse for improving the quality of yield statistics He said that it was 
essentm] that area figures should be known accurately for all crops and for 
aU territorial units, because they were the basic figures upon whi<^ rested all 
other calculattons of output of yield. For this reason alone, he said, he 
did not favour the use of the random samplmg method. He watched with 
interest the use of this method for esthnating acreage in Khar and Bengal, 
but the results of the survey in Bihar showed that the margin of enrror of the 
acreage estimates was too large for administrative dedsions. He, therdbre, 
strmtgly advocated that in the permanently-settled parts of die country and 
in Ae Indian States, patvari agency on the lines existing in the temportrily- 
letded parts diould be immediately set up. It Was a happy sign, he said, 
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Alt In two of ^ three pennanently«settted provinces they had appointed 
StthaMe land record* organiaation for the enumeration of acrea|e» 

He stdd that his remarks should not be taken to imply that all was well 
with area statistics in the temporarily-settled areas. Although, in his opinion, 
in the patwarl agency an excellent and most suitable organisation existed 
f<^ collating acreage statistics, it was necessary to ensure that adequate 
and active supervision was exercised over their work to see that this agency 
worked satisfactorily in day-to-day practice. 

Mr. V. B Sahasrabudhe said that it had been observed that the official 
estimates of yield per acre were generally higher than the actual yield obtained, 
when the season was unfavourable and vice versa. This resulted in narrowing 
down the range of yields in the individual seasons. This fact could be 
illustrated by comparing the following figures for Akola district for the three 
seasons 1942-43 to 1944-45 in which crop-cutting experiments were con- 
ducted on the cotton crop by the random sampling method. 


Yield of Kapafi in Iba per arre 



1942-43 

1943-44 

1944-45 

Crop*ralting expadoientfi 

136 1 

2S3 

196 

Official estimate 

ns 1 

253 

210 


The results may be taken to represent three types of season, poor, good 
and medium. It would be seen that the value of the official estimate ranged 
from 310 to 253 lbs. while those from crop<utting experiments ranged from 
136 to 283 lbs. 

The crop-cutting experiments conducted by the random sampling method 
provided reliable statistics for yield estimates and should, therefore, be con- 
ducted for a series of years to fix the standard or the normal yield for various 
crops. The standard or the normal yield was supposed to be the average 
of S to 10 seasons and should, therefore, be revised from time to time. This 
did not seem to have been done for the standard yield for cotton for Akola 
district, as the present standard of 320 lbs. of kapas was being used for the 
past several years. It would be interesting to note that this figure was very 
much higher than the average yield obtained by the crop^utting eiqieri- 
ments in file fiiree seasons mentioned above. Even the average yield obtained 
from the aop-cuttmg experiments conducted by the provincial agricultural 
and land rce^s departments udiich were published m the season and crop 
reports were bdlow the present standard for Akola district. 
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OnraH laiodiir K. R. RttHiurtliM«Aifr(o»kilH^*ciurirft^ 
to 6 Mfc« woomS up ilw prooeetUngi. Heasind fot AguMi for <ite«oat «f 
Wfvofi op Whaat and cotton condoctod by the Imperial Cotmdl of Agri" 
cuJttipil Heseatch and the Indian Central Cotton Committee and thoee 
ineoned Ipr Prof. Mahalanobb to his survey in Bengal, then made a brief 
eoiaparison of the two and expressed his satisfaction at the low cost and 
efficsbioy of the Imperial Council of Agricultural Research method. He 
said tiiat as a meteorologist his experience was that the yield per acre varied 
considerably from plot to plot owing to the large differences in the weather 
conditions and said that random sampling was the only objective method for 
arriving at an unbiased estimate of the average yield. He expressed the hope 
that these surveys would be taken up as an annual departmental routine 
on a permanent basis by the Provincial Governments in years to come. 
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I, Introduction 

Thb i^us SMga includes parasitic species which by fonning haustoridl 
connections with roots of the host plants cause extensive ravages upon crop 
plants. The development of embryo m this genus has not been sufiBciently 
investigated, an old account only remaining about Strlga bttea (Mitchell, 
1915), Cytological work has however been made In this genus recently by 
Kumar and Abraham (1941) wdiere th^ have given an account of th: cbromo* 
Some numbers in diis genus and traced the development of the anther wall. 
The present study is a continuation of a scries of papers from this laboratory 
on Scrofdtulannee (Srinivasan, V. K., 1940; Ra^avan and Srmivasan, 
V. K, 1940, 1941 a and 1941 b). A review of cyto^morphtdogical work in 
this fiunily has been given in the first paper in dus series. The present 
communication deals mainly with the development of endosperm in Str^a 

Bt 21 
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euphra^ides Benth. and some details of megasporogenesis and embryo 
development. 

IL Matooaw anp M?thoo8 

Obseri^ations were mostly i|iade from slides prepared m this laboratory 
by Mr. V. tC, Snnivasan, M Sc , which were kindly given to me by Dr» T. S. 
Ras^avan. Some fresh slides also were prepared from materials collected 
locally. The ovanes were fixed in formaUn-acetic-alcohol and sections 
were taken by the paraffin method and stained in Hddenhain’s Hssmatoxylin 

Striga et^krasioides Benth. is one of the common weeds of South India. 
Though reported and descnbed'as a parasite, it was not possible to trace the 
parasitic rdationship of this plant with any of the grasses growing nearby 
in spite of careAil efforts Gamble (1924) makes a similar remark also in 
that “ It 18 parasitic and destructive on crops of Sugarcane and Sorghum, 
but this IS not recorded from Madras**.^ 

The plant is a scabrid herb covered with stiff short hairs with dark green 
or greyish stems The plant is crustaceous and rough to feel due to its 
scabnd nature. The leaves are opposite below and alternate above, linear, 
ui to two inches long and with 1 to 2 teeth on their margins. Flowers are 
solitary in the awls of the leaves. Calyx 15-nbbed, all ribs being continued 
to the Ups of the lobes. Corolla tube slender, abruptly incurved about the 
middle. Upper Up two-lobcd and the lower three-lobcd. Stamens four, 
didyuamous. Ovary bicarpellaryi bilocular With a fleshy axile ffiacenta with 
numerous ovules. The fruit is an obovoid capsule. 

Ill The Ovule 

The ovule first arises as a pappillatc protuberance from the placenta. 
After the differentiation of the single hypodermal archesponum the ovule 
becomes bent towards one side due to unilateral growth. There i$ a single 
massive integument, the primordium of which is differentiated just at the time 
When the ovule becomes bent (Fig. 1). By the tunc the archesporium gsts 
elongated to form thp megasporc mother cell, the integument grows half 
way up the tip of the ovule (Fig. 2) It reaches the level of the nucdlus 
during the early megasporogencsis stages (Fig. 3). From now onwards its 
growth is more rapid and it grows past the nucellus partly crushing it and 
forms the micropylar canal even before the functioning megaspore is organs 
iscd into the uninucleate embryo-sac (Fig 4) 

I U la mtereating to note In thi$ oonneetton, that StrJga iuphrasf^tdes fertnlnstes to a 
ftirb Ugh extent (44%) oven without host attmulua und^r comtn conditions (Kumar and 
Solomon, tWO) 
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The nuceUu$ is also ot the reduced * tenuinucellate * type (Sdinarf. 
1929) which is eotnmon in Sympetalea. though eaoeptional cases m PoIy« 
petato show such a type, e.jr., VahUa (Raghavan and Srinivassn, V. K., 
1942), There is a single layer of nucellus covering the ardiesporium on all 
^des etoept the chalazal one (Figs. 2 and 3). This nucellus. as is always Ae 
case with * tenuinuoellus is short-lived. It is crushed between Ae develop- 
ing massive integument on the outer side and Ae growing functioning mega* 
4K>n. inside and inally disiniegrales (Figs. 3 and 4) 

The ovule becomes comfdetely anatropous during Ae late embryo-sac 
stages. 

IV. MeOASPOROOENKIS AMD EmBRYO-SAC 

The arehesporium of Ae megaspore is made up of a single hypodennal 
cell at the tip of the ovule which becomes distmguiAed from the rest of Ae 
ovular tissue by its larger su», prominent nucleus and dense cytoplasmic 
contents (Fig. 1). As in all sympetalous families, Ais does not cut off any 
parietal cell, but Amotions directly as the megaspore moAer cell after elong- 
atmg ItHigitudinally The nucleus of Ae megaspore mother cell is situated 
at its micropylar end (Fig. 2). 

As a result of Ae meiotic Avisions of Ae megaspore moAcr cell, a 
linear tetrad of megaspores is formed of which the chalazal one functions. 
The Ainctioning megaspore gives nse to the eight-nucleate embryo-sac 
through Acee divisions, the first two divisions resulting in the two-nucleate 
and the four-nucleate embryo-sacs respectively (Figs. 4-6) Tbu;, Ae deve- 
It^nnent of the embryo-sac conforms to Ae monosporic normal type 
OdUheshwsfi, 1937). 

The polar nuclei fuse early in Ae ontogeny of Ae embryo-sac ; Ae mature 
emhryo-sao is seven-celled. The antipodal cells also ate ephemeral and 
undeigo degeneration at this stage (Fg. 6). The synergids are large cells 
wiA basal vacuoles; Ae egg cell lies between the synetgids. The egg cell 
is not longer Aan Ae synergids and so does not protrude beyond the vacuolar 
lei^on of Ae synergids (Fig. 6). The synergids degenerate after fertilisation, 
as is commonly Ae case. It is however to be noted Aat the synergids are 
reported to be perdistent in anoAer genus Of this family. Angdonia (Srini- 
vasan, V. K., 1940). ^ 

The poliMt tube otters through Ae micropyle and effects fertiliiatum. 
The synergids are destroyed during this process. The remains ef Ae pcdlen 
tabes are seen upto later stages in Ae endosperm development as daricly 
staining patches near Ae :tygote (Figs. 7-11) 

w 



24 


A. R. Srmivasaa 



MarpMogical & Cyiologtcal Studies in Scrophutariacea^y 25 

Fio, I . Archetporium of the megaspore Primordium of the integumedt is Just differenUBted, 
Pio. 2. Megaspore mother coll 

Pio 3. Uiiear tetrad stage showing the noceUiis just begmnmg to degenerate. 

Flo 4. The same stage with tlte micropylar megaspores degenerating The nuoeltus has 
completely degenerated. 

Fjo, 5. Four-nucleate embryo-sac Integumentary tapetum formed 

Fm d Mature embryo-sac. Antipodals degenerated and polar nuclei fused 

Fra 7. Zygote and primary endosperm nucleus 

FiO 8 First division (Transverse) of the endosperm nucleus 

Fra 9 Two-celled endosperm 

Fto 10 Division m both the endosperm cells 

Fio 1 1 Thiee-oelled endosperm 1 wo mtcropylar cells and a bmucleate chalazal chamber 
formed. Division (transverse) m the miciopylar cells 
Fio \2a Five-cdled endosperm The two cells lust surrounding the embryo form the 
micropylar haustorium, the lowermost bmucleate celt forms the chalazal hausto- 
num and the two cells in the middle divide and produce the endosperm ussue 
Fra \lb Transverse division m the central endosperm cell which gives rise to the endosperm 
Fra 13 Chalazal faaustorlum invades and curves back into the mtegumental tissue , 
A/ —Micropylar haustorium (bmucleate) Zy — Zygote — Endosperm F — 

Tapetum. C /f.— Chalazal haustorium Con sir —Conducting strand 
Fio 14 Condition of ovule and tapetum during the two-ccllod embryo stage Signs of 

degeneration m the haustoria are seen 

Fio 15 Ovule m the quadrant stage of the embryo Tapetum and haustoria completely 
degenerated 

Pios 16>19 Embryo stages Explanation in the text 

AU iigures excepi 14 and 15 are of magnification x 450 Figs. 14 and IS magnification 
X 200. 


V The Tapetum 

During the mature condition of the embryo -sac and its later stages, it 
is seen to be surrounded on the sides by the integumentary tapetum (Figs. 
6-13), Mitchell (1915) has said that no integumentary tapjtum was observed 
in Striga lutea. In this species, however, the tapetum is present right from 
the four-nucleate embryo-stc stage (Fig 5), but it is more clearly defined 
from the mature embryo-sac stage onwards Mitchell’s observation of 
the non-oocurrencc of tapetum m a closely related species is interesting. 
Whether a fairly important character such as this is likely to differ even 
witbm a genus, can be detenmned only by investigating the other species of 
Striga That it is not however universal in this family, is indicate by its 
reported absence in Angelonia (Srinivasan, V. K . 1940) In this species 
however there can be no doubt as to the formation of the tapetum which 
becomes more well defined in the early post-fertilisation stages (Figs. 7-13), 
The tapetum at all stages of development covers only the sides of the embryo- 
sac leaving ordinary cells at the micropylar and the chalazal ends. In 
longitudinal sections of the ovule, it is seen to be six to seven-celled in the 
four-nucleate embryo-sac stage when only it is distinguished (Fig 5), and 

B3a 
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to twelvo*oetled in the mature embryo-sac and the post-fertilisation 
stages (Pigs. 6-10), As the embryo-sac elongates after the division of the 
endosperm nucleus, the tapetum also correspondingly increased in tengdi 
readiing a maximum of 15 to 18 cells from the three-celled endosperm stage 
onwards (Figs. 11-13) After this, the tapetal cells which were more or 
less square in shape and densely cytoplasmic, become tangentially elongated 
and vacuolate (Fig. 14). They are uninucleate throughout and degenerate 
shortly after the quadrant stage of the embryo (Fig 15). 

VI. The Endosperm 

To start with the primary endosperm nucleus is located in the central 
portion of the embryo-sac (Fig. 7) A large vacuole is formed towards the 
dialazal end of the embryo-sac The first division of the endosperm nucleus 
takes place transvc sely resulting m two daughter cells one superposed on 
the other (Figs. 8 and 9) Thus the endosperm dcvelopmert is cellular which 
is a common feature m Sympetaleas This is however by no means the rule 
For example m Rubiace® (Raghavan and Rangaswamy, 1941 ; Raghavan 
and Srinivasan, A. R, 1941), Asclepiadace®, Apocyanace®, Convolvu- 
lace®, Ixiganiace®, etc (Schnarf, 1929), the free-nuclear endosperm is the 
prevalent condition. 

Of the two daughter cells of the primary endosperm cell, the micropylar 
cell divides longitudinally to fonn two cells In the chalazal cell, only the 
nucleus divides resulting m a bmudeate chalazal chamber (Fig. 10) The 
division in these two cclU may be simultaneous or one may precede the 
other, generally the micropylar cell dividing earlier Thus a thrce-oellod 
endosperm is formed of which the lower does not divide any more. No 
wall formation ever appears to take place in this cell which directly functions 
as the chalazal haustorium This three-celled type of development has been 
recorded in Striga lutea (Mitchell, 1915). Krishna Iyengar (19396) has 
r^rted in Stermdia and Limnophila a uninucleate chalazal chamber instead 
of the bmudeate one obseiwcd in Striga Srmivasan, V K (1940) has how- 
ever reported the two<clled chalazal haustorium in the same species of 
Stemodia, In Rehmcmnla angulata (Krishna Iyengar, 1942) the formation 
of the haustonum from the chalazal chamber is reported. The number of 
midei vary from two to five but generally it is two and at limes an incomplete 
longitudinal wall is formed in this chamber. So this two-nucleate uni- 
cellular chalazal haustonum is not uncommon m this family. Sometimes 
unicellular condition of the chalazal haustorium may be secondarily derived 
1^ the disintegration of the longitudinal septum as is described for Yandettia 
(Srimvasan, V. K , 1940) and Bonmya (Krishna Iyengar, 1940). Umcellidar 
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<iud«sal baustonum has been obsefved in plants belonging to allied faimlies. 
In Psdb/lmm (Srinivasani A R, 1942) it is umceilular and four-nucleate. In 
Sta^yUurj^eta (Tatachar, 1940), it is two-nucleate as in the present case 

While the chalazsl chamber thus remains unchanged, transverse divi- 
sions take place in the two micropylar cells (Fig 11) Thus two tiers of 
two cdls are formed (Figs, 12 a and b) Of these, the micropylar pair forms 
the haustonum at that end and the two central cells by further divisions 
give rise to more endosperm cells (Fig 12h) Only transverse divisions 
take place at this stage thus formmg only two rows of cells Later however 
lon^tudmal divisions follow which increase the size of the endosperm in 
bulk (Figs 13-15) 

The micropylar haustonum is not very aggressive The ceils become 
binuclcate (Fig 13) and later by the fusion of these nuclei we get two uni- 
nucleate cells as seen m Fig. 14. Mitchell (1915) has observed this non- 
aggressive nature of the micropylar hauslona and says that *‘no definite 
haustorium is formed though the cells of the endosperm grow a short dis- 
tance up the micropyle surrounding the suspensor and are probably to be 
considered as having a haustorul function ** The endosperm cells around 
the suspensor and those formed at the base of the micropylar chamber have 
dense protoplasm and stain far more deeply than the surrounding cells of 
the endosperm 

Both the chalazal and the micropylar haustona begin to degenerate 
soon after the division of the zygote (Fig 14) Though the chalazal hausto- 
num appears the endosperm cells near it becomes elongated longitudinally 
and stain deeply (Fig. 15) This densely cytoplasmic group of ceils at the 
(dialazal end probably take over the function of the chalazal haustorium 
dunng the later stages when the haustona have ceased to exist This 
surmise is further supported by the fact that these cells persist until very 
late stages in the development of the embryo and retain their healthy and 
cytoplasmic nature. 

Vn, The Embryo 

The zygote divides rather late after about 12-15 endosperm cells arc 
fomed. Thus the embryo development is initiated only after a well-estkb- 
Ushed nutritive tissue is organised around the oospore Two successive 
tmnsverse divisions m the zygote result in the formation of a thrc.:-ccred 
IBToembryo (Fig, 16) The lowermost suspensor cell becomes very long 
pushing the proembryo nearly to the centre of the embryo-sac (Figs. 13 anti 
14). Of the three cells the terminal cell undergoes two longitudinal divi- 
sions in planes at right angles to one another resulting m the organisation 
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the quadrant stage (Fig. 17). The quadrant cells undergo a perktinal 
division to result in the octant (Fig 18) By this time another pendmal 
division takes place m the uppermost suspensor cell making the suspensor 
three-celled. 

Oblique walls are laid down m the octant cells differentiating the dermato- 
gen from the central core (Fig. 19) The cell of the suspensor in contact 
with the proembryo undergoes another periclmal division. The upper 
daughter cell forms the hypophysis and takes part in the formation of the 
dermatogen of the root, while the lower forms part of the suspensor. Further 
divisions m the cells of the embryo lead to the lobing of the cotyledons. 

Vin. Discussion 

(a) 77ie integummiary tapetum—ln a previous paper, RaghaVan and 
Srinivasan, V. K. (1942) d'seussed at some length the role of the integument- 
ary tapetum m the light of its correlation to the nuceilus and the endosperm. 
Nuclear type of endosperm such as is found in the Polypetalew is associated 
With a massive nuceilus and two thin integuments. In them, tapetum is 
conspicuous by its absence. There arc however exceptions to which refer- 
ence has been made by the said authors. In the Sympetales the reduced 
type of nuceilus or the “ tenuuiucleale ** condition is the general rule A 
correlation seems to exist between these observed facts Where there is 
massive parietal tissue — “ the krassmucellus ’’—the nutrition of the embryo- 
sac 18 presumably defective To make up for this defective nutritive 
mechanism the tapetal layer has come in Special chalazal integumentary 
tissues enclosed by the tapetum occur in some cases to aid die tapetum in 
Its nutritive role, e g , Limnanthemum (Snnivasan, A. R., 1941) and Lobelia 
trigona (Kausik, 1935). The tapetum is associated with cellular endosperm 
any of which show one type of haustona or another The implication 
IS that the nutritive mechanism not being perfect, recourse has been taken 
to these supplementary devices to make up for the deficiency The quesU^ 
whether the uitegumentary tapetum functions much in the same way as the 
microsporangial tapetum — i r., by contributing directly nutritive materials—* 
or, acts merely as a liaison tissue, has also been discussed in the previous 
paper under reference (Ragbavan and Snnivasan, V. K., 1942). The tenta* 
tive conclusion then reached that it acts more as a liaison tissue than any- 
thing else, seems to be confirmed by observations made in this paper. 

The predominantly nutritive function of the tapetum should not blind 
us to its mechanical Ainction of protection which is no less important. Hiis is 
(rf’ten overlooked except in som^ special cases where the tapetum is persistent. 
Aa the functionmg megaspore enlarges considerably during its development 



Morpkotoguai Cytotoguat SiydUs m $cropkutariacia — V 2d 

it makes room for itself by crushing the surrounding nucellar ceils. In (be 
case of three poiypetalous families* there is a massive nucellar tissue which 
becomes thinned down as the embryo grows digesting the substance of the 
crushed cells immixliaiely surrounding it. It is quite common that m all 
these cases the degenerated nucellar cells are found surrounding the 
embryo-sac. 

In all such ovules there are two integuments which are mainly protective 
in fhnetion and seem to play very little part m the nutrition of the embryo- 
sac. As there is a massive nucelius which is in contact with the funtcle, 
the «nbryo-sac is feeing itself upon this nucelius and both the integuments 
axe left completely intact upto the seed stage when they form seed-coats. 

la the Sympetalese however, the role of the integument changes. The 
thin and the fragile nucelius does not persist beyond megasporogenesis stages 
It degenerates leaving the massive single integument to come m contact with 
the embryo-sac. The single integument has to serve a dual function here, 

of nutrition and protection of the embryo-sac. Hence the tapetum 
is formed. If wc examine the nature of tapetal tissue and its behaviour 
during the development of the embryo-sac, we will find that it plays the pro- 
tective role to a greater extent than is ordinarily ascribed to it. 

Firstly it is a layer of compactly arranged cells covering the embryo-sac 
at least on the sides The cells appear healthy and firm capable of with- 
standing pressure exerted by the developing embryo-sac. Moreover, these 
cells are not affected by the dcvelopmg embryo-sac, but retain their original 
size and shape until late in the post-fertilisation stages, when they degenerate. 
The degeneration of the tapetal layer takes place only after the formation of 
endosperm which takes over the nutritive role and partly the protective role 
also. For, in many of the * tenuinucellate ' ovules the outer endosperm 
layers become cutiniscd serving as a protection to the underlying tissues 
sd‘tcr the degeneration of the tapetum. The integument in all these cases 
forms a flimsy covering of one or two layers of cells over the hard endosperm 
and thus is of no protective value. 

(6) Bidosperm and nutritive devices —The preliminary role of endosperm 
is to nounsh the developing embryo. It is the tissue from which the embryo 
absorbs its food directly. Thus it plays a direct role in the nutrition of the 
embryo. In the case of the nuclear endosperm it is able to perform this 
function without taking recourse to any special devices, for, the endosperm 
itself lies embedded within the massive nucelius from which it directly takes 
the food requirements of the embryo In the case of the cellular endosperm 
on the other hand, many devices are adopted to perform this function of 
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t6<fi ffom the ma^ivc mtegument aitd pass it on to the eitdospem. 
9aim of tbc main types of these devices and the way in vdiich they help die 
-endosperm are brie^ indicated. 

First of all the suspcnsor haustoria may be considered, for they arise 
directly front the cells of the embryo and consequently play a duect rote in 
the nutrition of the embryo. These are formed from the cells of the suapensor 
as large outgrowths which branch profusely and ramify the integumentary 
rissue. There seems to be no correlation between the occurrence of 
these and the type of endosperm. It occurs associated with nuclear endo- 
sperm (Lloyd, 1902) or wtth ceMular endosperm (Rangaswamy, 1941) 

The parts of the embryo-sac which remain persistent often play a hausto- 
rial role. These serve as absorbing organs which pass on the nutritive mate- 
rials absorbed by them to the endosperm, where tney get stored up Persistent 
sytlergids have been reported to perform haustona! functions in Angehnia 
(&inivasan, V. K , 1940) Antipodals which are normally ephemeral, divkic 
add multiply to form a special haustoria 1 tissue connecting the endosperm 
and the integumentary tissues These occur generally in some genera of 
Rttbiaceas and CompositesB (Schnarf, 1929, p 355) In Rudbeckia bicolor 
(Maheshwan and Snnivasan, 1944) the antipodals are far larger than the 
cells of the egg apparatus and one of them persists even upto the time of 
differentiation of the cotyledons. This was said to be suggestive of an 
** antipodal oospore’’ by the authors. Presumably these serve some 
haustoria] function also. 

The nutritive significance of the tapetum has been discussed in the first 
half of this discussion The other mam device is the formation of endosperm 
haustona These are exclusively formed by the cellular endosperm. The 
division of the primary endosperm nucleus results in th ee tiers of cells of 
which the cells at the nucropylar and the chalazal ends are differentiated 
into the micropylar and the chalzal haustoria Both the haustoria always 
occur together though one of them may sometimes be less aggxessivw and 
consequently less promment than the other, e.g , Striga. 

The number of hadstorial cells may vary from one to four. In the case 
df Cebia and Isoplem^ four-celled haustona occur at both ends of the 
ombiyo-sac (Krishna Iyengar, 1939 a). It often happens that the cross- 
walls disintegrate in the four colls and result in a tetranucleate cell, eg , 
(^nivasan, V. K., 1940) Both haustoria are two-cellcd in 
Uyiuskthts find ScoparUt (Raghavan and Srinivasan, V. K , 1941 a and b). 
t Other conditions may occur in which the two haustona difil^in the number 
of cells composing them. For example we get in Str^a^o<tXied micro- 
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pylar haiutorium and single-caltcd dtalazal haustorlum. In Bomaya 
(foubna lyangar, 1940} the microi^lar haustorium is four-celled while the 
chalazal is one-celled. 

The endosperm haustoria have been classified into definite types accord- 
ing to their final configuration (Krishna Iyengar, 1940). The number of' 
cells composing the haustoria are held to be the criterion to assess their 
primitive and advanced nature. Thus the typ: met with in Celsta with four-, 
celled haustoria at both ends of the embryo-sac forms the most primitive 
and the type met with in Striga tyitb two micropylar cdls and one chalaral 
cell forms the most advanced. 


IX Summary 

The embrvo-sac development in Stnga euphrasioide^ Benth. is of the 
monospoi'ic type. 

The intcgumentory tapetum is present and functions till late post- 
fertilisation stages. 

The endosperm is cellular Micropylar and chalazal haustoria are 
formed of which the former is two-celled and less aggressive and the latter 
single-celled. 

The correlation between ‘ tenuinuccllus integumentary tapetum and 
cellular endosperm is discussed in the light of the nutrition of the embryo- 
sac and embryo The protective role of the integumentary tapetumiia 
emphasised. 

The various devices for the nutrition of the embryo-sac are briefly indi- 
cated with special reference to the endosperm tissue. 

X Acknowledgement « 

The work was earned out in the Botany Department of the Annamalai 
University undir the guidance of Dr T S ^ghavar, M.A., Ph.D. (Loiid.), 
P L S., Prufe.,sor and Head of the Department of Botany. He very kmdiy 
passed on to me some slides prepared by Mr. V K Snnivasan, M.Sc., a 
former Research Scholar of this Department. It is a source of sincere 
pleasure to express my grateful thanks to Dr. Raghavan for his kind help 
and valuable guidance. 



32 

A, 

. R. Snnivasan 


XI. 

Literature Cited 

Qftmb)*, J. S 


Flora of rAe Prtsidfmy of Madras^ 1924, 4, 967, 

Ucvd. P E. 


“ The comparative Embryology of RubUoeae/' Mem, 
Torr.Bot Club, 1902, 8, 1 

KAU«ik» 3 B 


** The !ife*history of Lobelia trigona Roab with apodal 
reference to the nutrition of the embryo-sac, ** 
Froc Ind Aead Set, 1935, 2, 110 

Kti»haa Iyengar, C V 


** Development of Embiyo-sac and Endosperm Haus- 
tona m some members of Scrophulariacem, 11 

- 


Isoptexis canartensts LmdJ , and Celsta coroman* 
dalim Vahl Jour Ind Bof Soc , 1939a, 18, 13 



Development of Embryo-sac and Endosperm Haus- 
iona m some members of Scrophulanaoev, m* 
Limnophta heteropkyUa Benth and Stemodia v/r- 
cosQ Roxb.,*’ ibid, 1939b, 18, 33 



‘‘Development of Embryo-sac and Endosperm Haus- 
loria in some members of Scrophulariacese, V, 
Itysanihes hy^sopoides Benth and Bonnaya ttmd* 
folia Sprang ibid , 1940, 19. 5 



“Development of Embryo-sac and Endosperm Haui- 
tona in Rehmannia angulata Memsl,,** ibid,, 1942, 

21. 31 

Kumar, L. S S , and Abraham. 

A. 

“Cytologjcal studies in Indian parasitic plants, I The 
cytology of 5/r/ga.,“ Proc, Ind Acad Scl , 1941, 
14, Ser B, 509. 

... and Solomon, S 


The influence of light on the germination of species 
of Sfnga,** Curr 5cf, 1940, 9, 541 

Mabeshwari, P 


“A critical review of the types of Embryo-sacs m 
Angiosperms/' New Phyt„ 1937, 36, 359 

and Srmivasan, A. R 


“ A contnbuUon to the Embryology of Rudheckta 
bicohr'Sm ibid, 1944, 43, 135. 

Mitchell, R. M 


“ The Embryo-sac and Embryo of Striga lutea,*’ Bol, 
Gaz, 1915, 59, 124. 

Raghavan, T S , and Rangaswamy, K 

“ Studies m Rubiacese, T. The Development of Female 
Gametophyte and Embryo m Oentella repens 
Fofst and Oldentandia alata Koch ,** Jour Ind 
Bat Soc, 1941, 20, 341 

and Srintvasin, A R 


“Studies in Riibiacen, II Spermaeoce hiipido and 
Guettarda spechsa and some cyto-morphological 
considerations,*' Proc ind, Acad Scl, 1941, 14, 
Ser. B, 412. 

and Srtoivasan. V. K 


“Morphological and Cytologal Studies m Scit>- 
phulariacess, ! The cytology of Angehnia 
grandifiora C Mon Cytoiagla, 1940, 11, 37. 

“Morphological and Cytological studle* in Scro- 
phulariaoese, ITl. A contribution to the life- 
history of Uysamkes porvifiora B^h./* Proc Ind* 
Acad Sci, 1941a, 13, Ser B. ^ 



MotphthgwU & CyfdktM Studiis i» Stropkmlariaeta^P' 33 


lU^vu, T. S., and Snirivano. V. K. 


RamuwMiqr, K. 

Scbnttf, K 
Srinivastiii A R 


SnnfvaMn» V, tC 


Tatachar, T* 


**Morpbologic«l and Cytotogical studies in Seroplm* 
laritoess. tV. The Development of the 
sac and Endosperm in Scoparia Mci$ LUm*,*' 
m\b, 13, Sen B, 229 

contribution to the llfc-hiitory of Vah/ta vbe^m 
Roxb and Vakita oldenktruboides Roxb tbtd , 
mx 15, Ser B, 83. 

^Cytomorphological studies in Asteraewttko hngf- 
folk Necs {Hyprophytk sptnosa T. And )/’ ibid, 
1941. 14, Ser B. 149 
Etnbrvologie dtr Anghspermen, 1929 
^^Cytomorphological features of Umnanthemm crUtih 
lam Qnaeb. and Enicor/emmo UttoraU Blame**, 
Pfoe M Acad Sci , 1941. 14. Ser B, 155 
“Contribution to the Morphology of Pedalkm nrnnx, 
lino, and Sesamam Indicum D C *' ihld„ 1942, 
16, Ser B. 155 

“ Morphological and Cytological Studies in Scrophu- 
lariaceee, 11 Floral morphology and Embryo- 
logy of Angelonia grandtflom C Morr and related 
genem/* Jour Ind Bot Soc, 1940. 19, 197 
“Development of the Embryo-sac and formatioa of 
Haustona m Lantana Indica Roxb . Stackytorphuto 
fndica Vahl”. ibtd, 1940, 19, 45 





$TUPI88. IN aAtSRVClNAN 

Tk» AnatoiHft 0$ UmmUca-tJuii^tfH 

fahftpttHfc Pb]etopiM|% ClwyiMinpliiHk GftUniciiuw , 

By S. Mahmood Husain Khatiii. M,Sc., Ph p 

frufiiaof of Zoology ^ Cothtgi of Sctfitct, Hc0p^tn, C f ) 

Reooiv«d April 18» im 
(CfliRimtHifcated by Dr M A. Mogbe, v a jc ) 



CONTBNTSi 

Baoe 

1. 

iNTRODCeTiaN ... 

. 3S 

m 

TtCHMlQUB ... 

. . 35 

M 

THE Aumsntmy CSanaa 

.. 36 

IV. 

The Dorsal Vessel . . 

. 44 

v; 

T^e 'nACHBAL System 

45 

v». 

The Central Nervous System 

.. 47 

VB. 

tub Stomatogastric NbRVOus System 

.. 48 

vm. 

TNe Reproductive System 

4» 

IX. 

Aoknowudcxbmbnts .. 


X. 

Summary 

\ 52 

xt. 

Letterino ... 

32 

xn. 

Rffbrences . 

.. 53 


I, Introduction 

(wnioiM papvr^Ctetii)**) a AMtilad account of tb* BxtancA MotfAci^ 
logpolO. wa&atteiBfM^ 'Rw iMomalAaatomjtaa wtAoTihii 

jppilliOEtant mMii^ of baeDct ia vary (a»ov^ Ipiown and banco m apok)®' A 
moM to andertaJco tltia stw^ During Hk coufs* diA iweaiigatiipat id 
was found that this beetle presents certain iniegestint fisatwpea i» dM atrango* 
nent and distribution of the hblpig^iian tubules and tradiete. 

11. Technique 

411 dissections were madp under noonal saline or Bingae’s vdudoR 
WiBit ^ help of a powei^ dieting microscopa- IConla lamp was foiuid 
to be most useful ip giving a atefuly %bt when omtaia (Bssectuma had ^ tuQ 
dpao up^ very, hi^ magp^Oation. Much difficulty wgt exiOcio|((Rd in 
t 4 c^ the ooune of the hO^gi^dan tubides «s long imwaxaioiioC^ <M> 
tSiMiea eyen iu sonaal salt aolptipn was folh>w«d by ffieir hjatoipit and 
snbiemient <IIsi?itegratipn, Tips was overoonw by tipMin| the natcrial 
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with Boain’t fluid for about five minutes after tbe animal was opened under 
normal saline and fot rid of all tiqterftcial fst. It was fiirtber found advan< 
tageous to wash &e fteshty dissectnl tissues widi tap water prior to treating 
it tridi Bo\^. After this pratiminaiy treatment with Bonin the material 
wag transfeiTed to 50 % alcobol and die entire dissectjon wua aanicd out 
under the latter. Thu method has two advantages: 1. any disintegration 
of tissues is prevented and the tissues do not get hard enough to pnvent 
handling; 2 the Malpighian tubuteS acquire a yellowish which 
tnnders their tracing mudi easier. 

For sectioning the freshly dissected parts were fixed in Carney’s fixative 
or alcoholic Bouin and sectioned in die usual way. For sectioning the entire 
insect the usual double imbedding method was tried but the freshly emerged 
beedes could be sectioned even with the usual paraffin method. The fixatives 
most extensivriy used were Bourn’s (alcoholic) and Camoy’s with Mercuric 
Chloride. Both these fixatives gave satufactory results. The speoimois 
after the usual process of dehydration Were transferred to pure Benzene for 
an hour and then to a saturated solution of wax m Benzene at 25 degrees 
temperature Here the material was kept fcM' about two hours and then 
brought to pure wax of 55-58 degrees melting point and allowed to remain 
there for about twenty-four hours with at least two changes so that all traces 
of Benzene were removed. Sections were cut 8-10 microns thick and 
arranged on slides thinly smeared with Mayer’s albumen After removal 
of the wax they were given a dip m a thin solution of Colloidin in absolute 
alcohol and at once plunged in 70% alcohol for about five minutes in order 
to allow the Colloidin film to harden This treatment of the mounted 
sttritons widi Colloidin does not allow thefii to fall off during the snbsequmit 
processes of staining and ddiydration. Sections not covered with this thin 
film of Colloidin were invariably found to loose many a structure. Several 
stams were tried but Borax Canmne-Picro-Ihdigo-Carmine and MaUory's 
triple stain gave the best results. 

Ill The Aumentaky Canal 

The alimentary canal consists of a simple tube with few oonvolutions 
(F^ 1). Throughout its length it is surrounded by a thick layer of adipose 
The relative kbundanoe or otherwise of this tissue varies with the 
rime oT the year and tbe amount of food. It was found that at thp close of 
^e active iffe of the biSetle Mien it prepares forliibemation. die fat in Ae botfy 
increases conriderably, so much so that on removing die teigites in a fre^ 
icOIed nierimen nothing but bt could be seen. In Rg. 1 the aliineotaty 
banal hr seen It appears after ctearihg away the ISit, 
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Flo. !. Alimentary canal in situ 

1 The Fore-Gut —Thi^ is a short tube consisting of the pharynx, 
oesoj^gus, crop and the cesophageal valve There is no giazard (Fig 3) 

(a) The Pharynx —-From the dorsal side the pharynx (Ph.) cannot be 
properly seen as it bends downwards towards the mouth. The inner lining 
of the irfiarynx is provided with a number of chitinous bristles and passes 
forward into the extra-oral mouth cavity Its dorsal wall is supported by 
a pair of chitinous rods arising from the term® of the labrum 

(b) The Oesophagus —The oesophagus (oes ) is a very short and narrow 
tube connecting the crop (cr) with the pharynx and is not very clearly 
marked out from the latter. Posteriorly it is marked off from the crop by 
definite constriction. Its inner lining hke that of the pharynx is provided 
with a number of bristles. 

(c) 7?iic Crop.— The crop (cr ) extends from the posterior region of 
the h^ to the anterior end on the prothorax. The cesophageal valve (oes v.) 
is well developed and marks the division between the fore- and the mid-gut 
internally. Extesmally the two divisions of the alimentary canal are marked 
out by very slight constriction. 

2. The Mtd-Gui —The mtd-gut is the longest portion of the alimentary 
canid (Figs. l*-3) Anteriorly it is marked off from the fore-gut by a slight 
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Pio. 2 AUmeuaty canal ahowing the coune of Malpighm tubulet. 

constriction and posteriorly from the hind-gut by the insertion 'dT the second 
group of Malpij^ian tubules (com <f.). The first group of two Malpighian 
tubules (ant. Ma!p. t.) are associated with the mid-gut. According to 
Mansour*^' “ the adult mid-gut dovelqpment in ChtystundUda is of Ptinua 
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type where it develops from the end of the stomodacum during 
metamorphosis 

3 The Uinil‘Gut — The hind-gut can be divided into ileum (// ), colon 
{col,y and rectum (rect.). The distinction between the first two divisions is 
not at all sharp but the rectum is marked out very clearly from the colon 
by its very thick musculir lining and by the abrupt ending of the Malpighian 
tubules at the posterior limit of the colon The rectum passes backwards 
to open on the ventral surface of the rudunentary 9th icrgum. The inner- 
most lining of the rectum is highly chitinized and thickened The epithelial 
cells have no cell boimdaries and the nuclei are m the form of a syncitium. 
There are no rectal glands. 

4. The Malpighian Tubules -^The question of the ectodermal or the 
endodennal origin of the Malpighian tubules has been much discussed of 
late years. Though most of the workers have asenbed an ectodermal origin 
to them (Heymons and Luhmani^, and others), there are some (Henson*) 
who regard Acm to be endodern^ in origin. Accordmg to Mansour'’* 
the mid-gut itself is ectodermal m origin m vanous insects he had studied* 
Recently Roonwal** in his excellent memoir on the embryology of Loeusta 
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MigratoHa migratorwde$ has brought forward evidence to rfjow that the 
definitive mid-gut epithelium in this insect is ectodermal m origm. Further 
he is of opinion tiwt Henson’s homology of the Stomodaaal and Proctod«eal 
invaginations of Pieres* embryo with the oral and anal remnants of the blasto- 
pore m Peripatus is not correct “ The blastopore of Penpatus is formed 
simultaneously with the differentiation of the endo-mesoderm The stomo- 
dseal and proctod»al invaginations of Piens, on the other hand, appear long 
after the differentiation of the endo-mesoderm (umer layer) Consequently 
the stomodanim, th; proctodacum, and the Malpighian tubules be regarded 
as purely ectodermal” (Roonwal** ) 

The Malpighian tubules m C. btrmmica arise m two groups, A posterior 
group of four tubules arising from a common duct (com d ), and an anterior 
group arising separately although very close to one another (Fig 6, malt 10, 
malt 20) Proximally these two tubules jre et^closcd in a common fascia 
which apparently gives an impression of their ^rihing by a common duct, 
but a section of the alimentary canal in this region (lig 6) clearly shows 
their separate openings in the gut cavity. Heymons and Luhmann^® have 
shown that in Gakni ^elUi vibunu the anterior pair arises from the mid-gut 
and the posterior pair by a common handle from the hind-gut The author 
is in complete agreement with their account so far as the origin of these 
tubules m two groups is concerned but there are certain fundamental differ- 
ences between his obseivations in O birmanka and the arrangement described 
by Heymons and Luhmann in G vibumi with regard to the attachment of 
tubules to colon and the union of the anterior pair of tubules with the 
posterior pair. This will be described in the account that follows 

The course of the Malpighian tubules —-Ihe course of the Malpighian 
tubules IS shown diagrammatically m Fig 2 and in general resembles that 
described by Davidson* m Cirocercus asparagi The common stem {cc 3) is 
shown much posteriorly in this diagrammatic sketch for the sake of clarity. 
The actual place of formation of this common stem and its ultimate fate is 
indicated in Fig 4. Out of the four tubules which arirc from the common 
knob {com k ) the two outer ones {mal r, and mal run along the ventral 
side m close association with the ventral nerve cord and the two inner ones 
{tmL r* and mal run along the dorsal side of ihe alimentary canal. Both 
the pairs run oephalad as far as the crop, one pair to the n^t the other to 
the left, wbM'c they bend sharply backwards and following a sinuous course 
reach the anterior portion of the colon The two tubules of the left side 
meet together to form a common stem (rc2) which becomes intimately 
attached to the left side of the colon. This commor stem is joined by one 
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of the tubules of the anterior group and the three together form die main 
stem (cc 3). Same is the fate of the tubules of the n^t side. Heytnons 
and I^mann do not see in G. vibumi an opening of one of the tubules of 
the anterior pair into the ctmunon stem which is formed by the posterior 
pair. They say that it just rests upon this common stem and iUustrale the 
same in their diagram. Further they have observed a chamber-hke space in 
the wall of the colon m which this common stem opens No such chamber* 
like space is seen in G. birmanica and the anterior tubules actually conununi* 
cate With the lumen of the common stem thus forming the main stem. The 
two tubules of the anterior group {mal t « and maf t •) are much smaller 
in length than those of the posterior group and follow a more sinuous course 
m the body cavity closely associated with the ileum and colon. Each of 
these IS finally umted with one of the common stems desenbed above. The 
mam stem formed by the union of the three tubules on either side becomes 
applied to the colon and is enclosed in its peritoneal membrane. Soon, 
however, this stem splits into its coraporent parts still retaining lateral 
position. In a series of transverse sections it is seen that as the posterior 
region of colon is reached these tubules spread more and more along its 
vcntro-lateral areas Fig 7 shows the arrangement of tubules m the middle 



Fio 7 Transverse section through the middle of colon. 
X 253 3 


of the colon. The dorsal side of the colon has no tubules. There arc three 
bundles of longitudinal muscles lying on the ventral side of the colon. One 
of these is mid*ventral in position and lies between the two ventral tubules. 
Of the other two bundles of longitudinal muscles one is situated between the 
ventral and the two lateral tubules of the right side and the other is similarly 
sitpated on the left side. There are three more bundles of longitudinal 
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msdes (Ig. m.) in the wall of die co1<mi, one dorsal and two dorso>latenU. 
Bdow die layer dt die longitudinal muscles there is a thin layer of circular 
Dundee (dr. m.) intervening between the hfalpigliian tubules and the hind- 
gut epithelium. As the posterior limit of the colon is reached, the tubules 
become more and more sinuous and in sections of its posterior-most region, 
these tubules finm a sort of plexus and completdy cover the colon (Figs 8 




Fig 8 

FiCi. 8. TriMverf^ section through the posterior region of colon x 80. 

Fic 9 Upper half fVotn Fig. 8 X 300 

and 9). The circular layer of muscles fades away and the longitudinal 
bundles also split up and become insignificant in this region. Die ve’y poor 
development of the longituduial layer of muscles in this region can be attri- 
buted to the more or less uniform covenng of the Malpighian tubules. It 
is in the posterior region of the colon that a very close association is estab- 
lished between die e|dthehum of colon and that of the Malpl^ian tubules. 
The Malpighian tubules never open into the colon, 
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IV. The Dossal Vessel 

Ibe heart (Figs. 10 and 1 1) is a tubular structure extending from the 
last abdominal segment to the posterior region of the mesoihoracic segment. 



Antenorly it is continued into the aorta which opens in the head region 
The heart does not show any marked constrictions into chambers and is 
surrounded on both sides by a thick coating of fat (/ c). It is kept in posi- 
tion by eight pairs of alary muscles {(dm) and is provided with four pairs 
of ostia (ps ). Lying closely applied to the heart are a number of pericardial 
cells [per c ) with very large nuclei. Some of the cells contain as many as 
four nuclei. The pericardial cells can be easily distinguished from the fat 
cdls on account of their large vesicular nuclei and more or less 
bonoianeous protoplasm. The adventitia (pericardium: per.) shows a 
reticular structure. The alary muscles show no striations in their tcrtninal 
portions whidi are intimately attached to the adventitia, 




Si$uius m Gakr$40n0 45 

V. The Tracheal System 

There are two pairs of thoraric and seven pairs of abdominal spiracles. 
The structure of the spiracles has already been described (Khatib^*) In 
naming the principal spiracular trunks the terminology given by Snodgross*® 
has been fdlowcd. Viewed from the dorsal side, after a careful removal 
of the tergites (Fig 12), a pair of lateral longitudinal trunks {lot long t), 
one on each side of the body, connecting all spiracular traches from the 
first thoracic to the seventh abdominal spiracle is seen From the first 
abdominal to the sixth abdominal spiracle each of these trunks gives off 
dorsally three branches m the inter-spiracular regions. From the last 
abdominal spiracle is given oif dorsally a transverse branch which divides 
into four main branches supplying the posterior portion of the heirt, rectum, 
genitalia and the fat body. The lateral longitudinal trunks as indicated 
above give off three main branches between the two consecutive spiracles 
which divide and subdivide supplying the vanou.*> internal organs which lie 
in their region fiRch longitudinal trunk expands between the first abdo- 
minal and the second thoracic spiracle. The first abdominal spiracle apart 
from supplying the various internal organs and the body wall also gives off 
a large number of branches {d muse ) from its spiracular tracheae to the 
dorsal muscles of the metathorax It further gives off a second longitudinal 
trunk [s long t) wHhich establishes connection with the spiracular trachea 
of the metathorax. Upto the melathocax the two lateral longitudinal trunks 
remain quite separate. In the anterior half of the mesothorax they arc con- 
nected by a commissural trunk (cr c m) and by a similar commissural trunk 
(cr. c p ) at the posterior border of the prothorax and at the base of the bead 
(cr c h,y These commissural vessels may have arisen to provide better venti- 
lation in the thoracic and head regions Anterior to the commissure of 
the head region the lateral longitudinal trunks proceed mto the head as the 
dLiTsa) head trunks (d h tr,) ana divide into a number of small branches 
supplying the dorsal muscles of the head and the compound eye<». The 
main branch on either side proceeds forward to , apply the antenna (ofjt b ). 
In the region of the mctathoracic and the first abdominal spiracles a number 
of large tracheal branches are given off which supply the highly developed 
muscles of the metathorax 

When the dorsal tracheas and the various internal organs are carefully 
removed the ventral trache© come to view (Fig. 13) There is a pair of 
ventral longitudinal trunks (venf. / f.), one on each side of the body, uniting 
the ventral spiracular trachete from the last abdominal to the first thoracic 
spiracles, Throu^out their length these longitudinal trunks are connected 
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Fig. 13 Tracheal Syiteoi, Femnol ¥kw. 


witb one another by ventral commissural trunks (vent com t ). In all there 
are eleven such commissural trunks (vent comm t 1-1 1). The arrangement 
of these commissures and their relation to the ganglia of the ventral nme 
cord where the latter exist are clearly shown m Fig. 13 and hence need no 
description. 

The first leg is supplied by a branch given off from the second ventral 
commissural trunk (/ I. tt.). The second leg is supplied by a branch given off 
from the metathoracic spiracular trunk. The hind leg receives its tracheal 
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supply from two sources, v/r., the metathoraic spiracular tnink' and the first 
abdooiinal spiracular trunk. These two brandtes anastomose ui the region 
of the feoMir. 

Anterior to the level of the sub-oesophageal ganglion the ventral longi- 
tudinal trunk continues as the ventral head trunk {vent, h, t.) After entenng 
the head region it divides into an outer and dorsal branch (o. <f. br.) supply- 
ing the mandible and an inner and ventral branch (./. v. br ) which imme- 
diately splits mto three branches supplying the nunulla, the hypopharynx 
and the labium. 

As was suggested in a previous communication (Khatib”) the distribu- 
tion of tradiess in this beetle throws important light on the homologies ci 
the two thoracic spiracles and to a certain extent supports the recently put 
forward hypothesis of Keilin.** The trachea of the prothoracic leg arises 
from the second ventral commissural trunk which lies very close to the first 
spiracle. In other words the first pair of spiracles supidy the prothoracic 
legs. The mesothoracic legs are supplied by the second thoracic spiracles 
If, as IS generally held, the two thoracic spiracles be regarded as bdonging 
to the mesothorax and the metathorax, the mesothoracic legs au^t to be 
supphed by the first pair of thoracic spiracles but this is not the case. The 
arrangonent in G. bimumka can be eiqilained on the assumption that a 
backward migration of the secrnid pair of thoracic spiracles from its inter- 
segmental position has taken place. Farther the entire pterothorax (meso- 
cum metadiorax) is supplied by brandies from the mesothoracic and the 
first abdominal spiracles. The first pair of thoracic spiracles oontnbutuig 
no tracbestothisr^tm. If the first pair of thoracic spiracles defimtively 
beltmg to the mesothorax and have come to be situated in tbe prothoracic 
regioa secondanly, one would expect that at least part of the mesothoracic 
tmdteal supply should come from tbe first pair of thoracic spiracles. Hence, 
as suggested by Kdlin one may be justified in regarding the two thoracic 
spiracles as belon^g to the prothorax and the metathorax. Tbe meso- 
tborax being devoid of spiracles. 

VI. The Central Nervous System 

The central nervous system (Pig 14) oonsistmg of the brain (br), the 
sub-cesopbageal ganglimi (sub. oes. g ) and the ventral nerve cord shows the 
greatest specialization in &e abdominal region. 

Fftan die brain there proceed two slender connectives, the para-ctso- 
phageal connectives (par oes c.) which jom the team with the sub-oso- 
phageal ganglion situated ventraliy at the base of the bead, Tbe three 
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Fio 14 Central Nervon System, Oorsai wfvt' 

FfO 15. Dorsal view of the bram and the Stomatogastrlc nervous System 

thoracic connectives of the ventral nerve cord retain their double nature as 
IS the case in most colcoptera. The three thoracic ganglia (th, g 1 to ^ g 3) 
are distinct from one another The metathoracic gUnglion is the largest of 
the series There are only two abdominal ganglia The jSrst abdominal 
ganglion (abd g 1) is very small and lies close to the metathoracic ganglion. 
The second abdominal ganglion (ahd g. 2) is oval and much larger From 
its postero-lateral region proceed a number of small nerves A thick nerve 
arises from the middle of its posterior region 

VIT, The Stomatogastric NrRVotTS System 

The stomatogastTic or (esophageal sympathetic nervous system (Fig, 15) 
is typically developed and is on the saltatoruil orthopteran plan. The tri- 
angular frontal ganglion (Jr. g) is situated a short distance in front of the 
brain and lies above the oesophagus Anteriorly it gives off a frontal nerve 
ininch goes to the clypeus. Posteriorly from the tip of the triangle is given 
off the recurrent nerve (r n.) which passes backwards between the ventral 
surfkce of the brain and the dorsal surface of the oesoi^agus and ends in 
the hypooerebral ganglion, The frontal ganglion is toher connected by 
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bilateral connectives {r fr. g) with the tritcxserebrum. Connected with the 
hypoccrcbral ganglion are the paired oesophageal gangba (oes g.) Each 
oesophageal ganglion is connected with the deiitoccrebrum by a sjener 
nerve (r oes g ) Lying very dose to each of the oesophageal ganglion 
IS the corpus aJUatum (c ,a) Two stomachic ganglia j?) are situated on 
the posterior dorsal surface of the oesophagus and ar^ conitectec* by the paired 
recurrent nerves with the hypoccrcbral ganglion. During its course each of 
these paired rccurrcnl nerves gives off a small nerve (n 1) innervating the 
dorsal side pf the oesophagus and the heart Fiom the stomachic ganglion 
IS given off a nerve (« 2) which proceeds hackwaids and downwards to the 
ventro-lateral surface of the crop. 

Vni The Reproductive Sysi^em 

1 The Female — The female reproductive system (Figs 16 and 17) 
consists of a pair of ovaries situated in the anterior abdominal region In 
Fig. 15 they are shown much drawn forward for the sake of clanty The 
position of the ovanoles in relation to the gut wall is shown m Fig 16 Each 
ovary consists of twelve acrotropic ovanoles provided with terminal filaments 
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(term f) The terminal filaments of all the twelve ovanoles of one side 
combine together to form a common thread which is attached lo the fat 
body. From each ovary is given off an oviduct (/ ov. d and r, ov d), the two 
oviducts umte together to form the common oviduct (med ov d) which is 
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Fig 20, Transverse secUon of male abdomen 

continuous posteriorly with a much wider and long uterus or vagina (ut ) 
opening behind the ninth segment The uterus receives on its dorsal side 
the common duct of the sperma theca and* the accessory gland. 

The spermatheca {sptk.) is a hook-shaped chitinous structure lying 
very close to the wall of the uterus with which it communicates by a short 
duct {spth.d) TTic long tubular accessory gland (oc.g) communicates 
with the duct of the spermatheca. 

2. The Afa/e.—The male reproductive system (Figs. 18, 19 and 20) 
consists of four large. oVal and sessile testicular follicles (tes ) situated dorsal 
to the alimentary canal in the middle of the abdominal region and communi- 
cate directly with the two vasa deferentta (ms, def). Each vas deferens is a 
small slender tube which extends from the testicular follicles to open into 
the ejacualory duct along its lateral side where the latter shows a slight 
dilatation The ejaculatory duct (ejd,) also receives a pair of much con-* 
voluted accessory glands (ac, gl) along its mesial surface. It then continues 
as a slender tube and pierces the proximal part of the ssdeagus. 

IX Acknowledgements 

The author wishes to express his deep sense of gratitude to Professor 
M B. Mirza» Dean of the Faculty of Science and Head of the Departmient of 
Zoology, Muslim University, Aligarh, for his valuable guidance and the 
keen interest he took throughout this vfcxk. The author is also thankful 



S. Mahmood Husain Khatib 


$2 


to Dr M A* H Qadn for his many valuable suggestions and to Professor 
M A Moghe for his help in microtomy. Thanks are also due to Lieut - 
Col N Ganguli, Principal College of Science, for granting the facilities of 
work. 

X Summary 

1 To the best of the author’s knowledge the Internal Anatomy of an 
Indian Galerucid beetle has not been attempted so far As a matter of 
fact a search through the literature reveals that so far as the anatomical 
Studies are concerned the entire family is very much neglected 

2 The arrangement of the Malpighian tubules differs in certain im- 
portant respects from that described by Heymons and Luhmann m 
Gaterucella vihwml 


3 The distribution of tracheae in the thoracic region support (he re- 
cently put forward hypothesis of Keihn With regard to the position of the 
two thoracic spiracles in insccls 


4 The stomatogastric nervous system is on the salta tonal orthopteran 

plan 

5 There are four testicular follicles and the entire testis occupies a 
median position 


6 The ovarioles are acrotropic and eadi ovary consists of twelve 


ovanoles. 





XI. Lettering 


abd $ 1 

am abdominal ganglion. 

cr c p 

commissural trank of 

M $ 2 

second abdominal ganghon 


prothorax. 

ac ^ 

accessory gland. 

cat 

cuticle. 


aedeagus. 

d h tr 

dorsal head trunk 

ol ftt 

. alary muscles 

d mu9c. 

trachea! branches to dorsal 

am b 

antennal branch 


head muvcles 

aat mal t 

. anterior Malpighian tubules 

e/ 

egg foUicte 

ao 

aorta 

Of d 

ejaculatory duct 

6r. 

. brain 

f b* 

fat body. 

ea 

. corpus allatum. 


fat cells 

cc 2 

. common stem formed by the 

/ 9 

fore-got 


two posterior tubules. 

fr g* fn tt 

I^onul ganglion and frontal 

w. 3 

Mam stem formed by cc 2 


nerve. 


and one anterior tubule 

g V n c 

ganglion of ventral nerve cord» 

eir m 

, circular muscles. 

* g 

hypooorebral geoglion 

eol 

. colon. 

hypd 

hypodermts 

cam* k* 

. common knob 

tt 

ileum. 

cr 

crop 

int 

intioui. 

cr c k 

. commissural trunk of head. 

i V br 

inner and ventral branch of 

er,e m. 

commissural trunk of 


head trachea. 


tnesothorax. 

tat hng» t 

lateral longitudinal trunk 



Siiuli4$ m GaUrmtiikt 


53 



loogttndioal muscles. 

/.;A»of.R. .. 

left and right oviducu. 

mtd. h 

Malpi^blsn tubules. 

md,$Aa^ 2e... 

openings of the first & second 
anterior Malpighiaa tubules 

mod, OP, 

median oviduct. 

mi g 

midgut. 

M. 

nerve supplying the dorsal 
surface of crop. 

sa 

nerve supplying the ventro* 
lateral suii^ of crop and 
midgttt 

n, c 

nune cell. 

0 d. 6r. 

outer and dorsal branch of 
head trachea. 

oes. 

oesophagus. 

ees, f . 

oesophaaaal gangltoa 

oes, V 

flssopbageal valve 

os 

ostia. 

Of. 

ovary. 

par oes, c 

parS'Cnophagea) coonecuve 

per 

pericardium. 


per, e. 

pericardial ceBa. 

per, m 

pentoneal membrane 

ph. 

pharynx 

rect. 

, lectum. 

rect, p! 

rectal plexus 

rfr,g 

root of fttmtal gangfion 

r a. 

lecurrem none. 

r,oes g 

root of cesophagsal ganglion 

et s g 

stomachic gangHon. 

s hng t 

second loogitudmal tracheal 


trunk 

ip/fi 

spermatheca. 

spth, d 

spcrmatbecal duct 

sub oes g 

sub-oesoiduigeal gangtioo 

term,/ 

terminal filament. 

tes 

testis 

Ik, g \ to th. 

g 3. first to third thoracic ganglia 

fas, def 

vat deferens 

rent comm, t ventral commissural trunk. 

font, h r. 

ventral head trunk. 

rent t. /. 

ventral longitudinal tracheal 


trunk. 


1 Adam, P 

Seyf)nwa.$ M 


2. T 


3. Davidsoti> R. H 

4. Bstbftm* L E. $ 


3 , 




7 . Ottpta, R, L* 


8. HMitOB, H. 


9 


10. Heymont, R . Md 
Ltthmaoa, M 
U, lnunCi A. D. 

13. IikinM}ri,N. 

Ih 


XII. References 

**An Anatomical Histological Study of the Mermacopbiloae 
Histdnd Chrysetturlus ikerlBgl ReicheoesR*' Thesis (/hIp 
B' fbaurgt Switzerland for DSc^ 1924 

** The Alimentary Canal of Asaphes memnoHus Hhst **, THo 
Ohio / Se., 193K 40. 

•• The Ahmoatary Canal of Cirjeereus aspharoilf* Ibid 1931, 31 

** A ooDtritmtion to the Embryology of Fierls rapae** Quart /. 
Mkr, Set, 1927, 71. 

The Embryology of Fleris ni/Mr>*Organo 9 eiiy," PMl TWmi. 
Roy 5bc 5er B, 1930. 219 

” The fofrnatioa of the Oena Layers of Iniects.^ BloL Rar , 
I930« 9. 

** Ob the Salivary Olands in the Order Coleoptera. Part i. The 
Salivary Olands in TeBebrionidae/* Proe Salt Acad, Sci 
indta, 1937. 7. 

**The Structure and Poet Embiyonic Develo|>ment of Vanessa 
Ulrica (Lepidoptera) If. The Larval Malpighian tubules/* 
Proc ZooI,Soc Land, See B . 1937, 107 
The development of the Alimentary Canal m Picric brassicae 
and the endodermal origin of the Malpighian tubules of 
losecu.** Quart J Mkr Set , 1932, 75 

‘•Die vaaa Malpighi von Oalerucella viburni Payk (Coi)/* 
Zooi Am 1933, 102. 

A Qenetal TVxl-BUok of Entomohgy, Methuen A Co., Loud., 1938. 

•‘ Distribution of the Malpighian vessels in the wall of the rectum 
of tbs Lepidopteroua larva/* Ann, £nt Soc Amer . 1934, 17. 

•• Respiratory system and respiratory adaptations m the Larva 
god Pupa of Diptera/* Parasitohfy, 1944, 36. 



S. Mftbmood HvMaiftt VimScxh 


S4 

14 lUiatib, S. Iftc H. 

15 

16 Vrnm^i^ 

17 LuboMMHMc 

It K 

19 

20 MeUaoby, K 
21. 

22 — ^ 

25 Mu»r, F 
24, P«tay, R 

25 PradbAO, $ 

2^ Pr«hl* H S 

27 

28 RUchtp W 

29 Roonwftlp M L 

30 Snodgrofts. R R 

31. VVtfgteswoith. V. B 
Kt 

31, 3 


i ** The External* Morphology 

Coleopterg^ Chrysomelld»fc» OalimlBM,** Prt>c tmU A^ 
Sci.tSHthH^ B., 1946, 239. 

. **The Tmchcti Syiten^ of Miru<tHh* bfsmnfca (JMOlyV' 
Proc. ImLSeLCoitgi' , 1346^ Pair UR 
, . “ The AUmentary Canal and Malpigllwn tubulii ol CenatofmglBB^ 
fucilatUi (cil ),” Am Em Sot Amtr , 1936, 29 
** Beitrag zur Btologie det SohnaoboU Kafem, (?a/er«ce/6i Abmm* 
Payk.,’* ZoM* ZtlUfur But, 1934, 26 

** Tbe devdopment of tbe larvaK anihadulbnddgut of Catandrw 
0 ryza (Linn ) The^ Rice Weevil,** Qmm. h M\Cf Sci 
1927, 71 

. ** The development of the adult midgul of Coleopmrous Jnsecta 
and its beanng on the SystemaUcs and* Embryology/* Bd/* 
Fac Set Egyptian Unh . Caim, 1939, 2, 

. ** PnncUons of the Insect blood/' Biol Rev.» 1939, 14. 

. . ** Notes on the structure and dsviioiMiieofr of the Reproduettver 
Organa in Philaeneua suprammuM L./* Quart* J Mtcr Sek, 

, , *' The ttruetum and development of the Reproductive System in^ 
the Coleopiera with notes on Hs homologies/* Aid, 

** Notes on the ontogeny and morpbolbgy of the male genilni 
tube m Coleoptera/' Trans Ent Soc Land f 1918, 9 
** Anatonife, Hiitologie et Physiologie des tubules de Malpighi du 
Doryporo {Ujuinomm doemUnoata Say), Col Chryaom/* 
Bull, Soc, Zoot Fr Parti, 1937, 62 
**The Alimentary Canal of fyilachno indlca (Cocclnellds^, 
Coleoptera) with discasuon on the activity of midgiieepsth^ 
hum/* / Boy Aiimtc Soc Bengal {Sei) Cal 1937, 2 
** On the development of the Ovipositor and Effipoet OeDitai 
Ducts of Ton^io mhtor (Col ) with remarks oa the comr 
panaqn of latter organa m the two sexes/' Proc, Zoot Soc, 
Londi, 1924. 

** Homologies of the Ocmtal Ducts of Insects/' Suture, 1925, 
May 16. 

The structure, bionomics* sod economic importance of Saipidb 
carcharkts Unn. (Longioorn)/* Ann, AppE Bhl Cam6i, 
1920-21, 7 

** Stuviies on the Erabryology of the African migratory locust 
Locusta AfigrotoHa ndgratortodes Reiche and Pirn, (Orth ),** 
PhU Trtms Hoy, Soc Land, Ser B , 1937, IT 
Prlneipleo of Imoct Morphology, McQraw HiU Co,, New York 
and London, 1935 

" On the furctioo of the so-called rectal glands of Insects," 
Quart J Mter Sd,, 1932. 75 

. The Principles of Imect Phydology, Methuan dt Co. Ltd., London , 
1939. 

** Malpighisn visiets of Bahlea btmarglnma Col Hrm Em 
Soc 4 aier„ 1916, ]. 
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A BLOE-ORBBN alga, which shows many interesting features and appears to be 
new, was collected from a stream near Jog Falls in the Shimoga District, 
Mysore Province It formed tiny gelatmous expansions on submerged 
stones m the stream. 

The plant consists of an intricate mass of mam filaments from which 
arise a number of branches which are very long and slightly narrower than 
the main filaments The filaments arc provided with a closely investing 
sheath which w thin, hyahne and unlamellatcd (Text-figs. 2, 5, 9) Often 
in the younger portions of the filaments the sheath is very indistinct The 
tnchome is torulose in the main filaments and unconstricted or only slightly 
constricted at the cross walls in the branches. The cells are spherical to 
barrd-shaped m the main filaments and ate 2*6-5 Ifi broad and 3*9“6’6^ 
long. The cells in the branches are somewhat longer and cylindrical and 
arc 2-3*9/* broad and 6 6- 14 4/* long. 

The heterocysts are intercalary, lateral or terminal. Tcrmuial hetero- 
cysts arc situated at the end of very short branches, which are 1-3 celled 
(Teat-figs. 1, 9). Intercalary heterocysts (Text-figs 1, 7, 12 and 13) arc 
ellipsoidal to cylindrical and arc 3 9-6*6/* broad and 5*2-10*5/* long 
Terminal (Text-figs I and 9) and lateral hetcrocysts (Text-figs 1, 10 and 13, 
Plate I, Fig. 1) are ovate to roughly spherical in shape and arc 3 -9-7*2/* 
t^oad and as long as broad or sli^tly longer. 

Branching occurs profusely. The branches arc typically mastigo- 
cladaceous and resemble very closely those of Masttgocladus or Herpyztmem 
They axe either pronouncedly reverse ‘ V ^-shaped (PI. 1, Pigs. 1, 3 ; Text- 
figs. 9, 10, 11 and 13) or merely rest on two cells of the main filament 
forming a reverse * V ’ (PI. I, Fig. 2; Text-figs. 3, 4 and 7). Some of the 
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Mastigocladopsis jc^nsis gtn. ttsp. nov. 

ho. 1 PertieH of a wdl-brajichcd filament witli mtercaUty, lateral and termlMt) fteterocym. 

2 and 5. Portions of filaments with the sheath drawn 
Fios 3, 4 and 6 Young stages of Mastigoctadaccous brunchings 
Fioa* 7e 9> 10, I t and f3 Well developed Masiigocladaceous branchings 
Flos 8 and 12 Portions of filaments showing branching 
(All except Fig. 3 X 750 , Fig 3 x 1100) 

(L. H Lateral Heterocyst , T H Terminal Heterocyst , I C H Intercalary Heterocyst) 

branches, however, appear like true branches and rest only on one cell of 
the main filament (Text-figs 8 and 12). 

No hormogoncs or spores were observed 
Systbmatic Position 

This alga, m having both lateral and terminal heterocysts, resembles the 
members of the Nostochopsidace® But it differs from them m having 
reverse *V ’-shaped branches which are characteristic of the members of 
the Mastigocladaccae The alga is therefore very interesting m combining 
Withm Itself the mam characteristics of two separate families, viz, the 
Nostochcpsidaccffi and the Mastigocladacese This fact makes it difficult 
to refer it to either of these two families It is therefore referred to a new 
genus, MastigocladopsiSf and placed in a new family by name Mastigo- 
cladopsidacefiB The alga itself may be called Mastigocladopsis jogensis 
sp nov The new family proposed above may be considered as a synthetic 
family from which both the Nostochopsidaceac and the Mastigocladacc» 
have probably been derived , or, the family may be considered to have been 
derived from a common ancestor from which both the Mastigocladaccat 
and the Nostochopsidace® took their ongm 

In case the establishment of this new family should be objected to, the 
only alternative would be to place the new genus Mastigocladopsts along with 
Nostochopsis, Hapahsiphon, Masiigocladm and the other allied genera under 
one single family, Stigonematace® But, since the differences between the 
families Nostochopsidace®, Mastigocladacc® and Stigonemataceas are so 
distinct and characteristic, the authors feel that it would be best to keep these 
families quite separate as was done by Geitler (1925 and 1932) and not 
include all the genera belonging to these families under the one single family, 

, the Stigonematacese, 

S^rat and Fremy (1936) recorded from Tunisia an alga which possesses 
both lateral (sessile) and terminal (pedicellate) hcterocysts as well as inter- 
calary heterocysts and reverse ‘ V ’-shaped branching. These authors refer 
this alga to Haptdosiphon lammosus Hansg ‘^ («* Mastigocladus laminosus 
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Cohn.). Sinoe thu Tunisian alga possesses both termmal and lateral betero* 
cysts as in the NostodbiopsidaccB and also the reverse * V *>sliaped branching 
duuacteristic of the Miistigocladaceie, the writers feel that it most be in- 
cluded in the present genus, Mastigocladopsis. 

Description 

Ikmdfy Mastiooclaoopsipacp/b 

Filament sheathed and branched^; brandiung both reverse ‘VZ-sbi^ed 
and simple; Heterocysts intefcalary, .lateral and tenqinal. 

Oenus Mastigocladopsis g^. nov. 

Filament sheathed and branched ; branching bodi reverse * V '-shaped 
and single; trichomes with a single row of cells Heterocysts intercalary, 
lateral and terminal Hormogones and spores not known. 

Mastigocladopsis fogensis sp nov. 

Filaments flexuous; branches profuse; branching both reverse ' V ’■ 
shaped and simple; branches generally thinner than the main filaments; 
sheath thin, hyaline and unlamellated » tnchdnie somewhat torulose in the 
main filaments and unconstrictcd at the cross-walls in the branches; cells 
barrel-shaped in the main filaments (2'd-)3 9-5'24/i broad and 3-9-6‘6ii 
long; cells in the branches cylindrical. 2-3 9ii broad and 6 d-14-4|i long. 
Heterocysts intercalary, lateral and terminal at the end of very short branches, 
which are 1-3 celts long; inter-calary heterocysts cylindru^ or ellipsoidal, 
3-9-6 6fi broad and S‘2-10-S^ long; lateral and terminal heterocysts 
spherical or ovate and 3‘9-7’2ft broad 

Hah.— Growing on subma’gcd stones in a running stream, near Jog 
Falk, Shimoga District, Mysore Province. S India 

Summary 

An alga which shows the characteristics of the two families, the Nosto- 
chopsidaces and the Mastigoriadacese, viz , both lateral and terminal hetero- 
cysta as in the former family and reverse * V '-shaped and simple branching 
as in the latter family is described in detail. Owmg to the comiUoafion of 
the diaracteristics of two distinct famihes, the alga is referred to a new genus 
by name Mastigocladopsis and placed in a new family the Mastifocladopsi- 
dacec. 
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Pk.s Afa^iigocladvpsii jogiftsi^ gLt\ ct sp nov 

Fjc I “Photomicrographs ihowing a wdl dcvciopej mastigocladaccous branching and a lateral 
hetcrOc>st 

Fias —2 &. 3 “Pbotom crographs of hlamcnts showing nustigodadaceous branchings, (all ^ HS<») 
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1 Introduction 

The parallelism between the variations in the occurrence of phytoplankton 
and die available nutrient salts has been so repeatedly established that it is 
now taken for a fact The chemistry and physics of sea-water and their 
bearing on the life m the sea have been thoroughly studied by a host of workers 
over a number of years The chemical constituents of biological importance 
in the English Channel have been worked out by Atkins^“, Cooper^®-**, 
Harvey”, Orr*® etc and those of Clyde sea by Marshall**. 
Rakestrav*^ has likewise studied the biology and chemistry of the Gulf of 
Mime, and Orr** the chemical and physical conditions in the sea in the 
neighbourhood of the Great Barrier Reef Howat*‘ has recently made 
additions to our knowledge about the variations in the composition of the 
sea in West African waters In fact the importance of such a type of work 
has been widely recognised, as this problem is investigated m most of the 
Marine Biological Laboratories all over the world 

The history of Oceanographic research in Indian waters dates as far hack 
as 1875 when the survey ship “ Investigator ** was chartered for the Marine 
Survey under the leadership of Surgeon-Naturalist Alcock. The bottom 
deposits were studied by him, but the systematic investigation of hydro- 
graphy was not commenced until 1910 In the initial stages only the aur 
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and water temperatures and salinity of sea-water were recorded. An inten- 
sive study of the physical conditions in Indian waters was made by Sewell** 
and the results of his investigation extending over several years were pub- 
lished in his monumental memoir on ** Geographic and Oceanographic 
research m Indian waters” His investigation started with the study of 
the nature of the sea-bed and deep-sea deposits of the Andaman sea and the 
Bay of Bengal. A series of observations on the surface salinity and tempera- 
ture of the Andaman sea, the Bay of Bengal and the Laccadive sea Were 
made by Sewell and graphically shown m his memoir Matthews has like- 
wise exammed a large number of samples of surface sea-water brought by 
Sealark ” and other merchant ships from different localities of the Indian 
Ocean and has given a comprehensive account of his investigation in his 
paper on ” Physical Oceanography of the Indian Ocean 

Thompson** has however recorded some chcmicil constituents in the 
Indian waters during the John Murray Expedition, 1933-34 Recently 
Chidambaram and Menon^* have correlated the occurrence of plankton 
and certain oceanographical factors with the fisheries of the West Coast 
(Malabar and South Kanara) Their investigation extends over a period of 
five years 1938-42 and includes only two hydrographical factors namely, 
the temperature and the specific gravity 

It will be seen from the above resume that the study of the chemistry 
of the Indian Ocean has received comparatively little attention in the past 
and practically no work has been done on the chemical and physical condi- 
uons prevalent in Bombay waters We have therefore recently undertaken 
a systematic study of the chemitry of sea-water, the knowledge of which is 
essential m all marine and fishery research The data regarding the chenucal 
and physical conditions of Bombay waters, when accumulated over some 
years, will enable us to account for the periodical fluctuations seen m our 
study of the local plankton, fish eggs and fish larv». The present paper is 
only a prclimmary record of the cheimcal constitutionts like sihcate, phosphate, 
nitnte and ammonia and of a few physical factors present in Harbonr waters 
during 1944-45 The meteorological data is also recorded along with it 

2 Methods 

A weekly analysis of a sample of surface water from the Bombay harbour 
was made from July 1944 to June 1945. Ehinng this period 47 samples 
taken from near the shore were examined and the results shown in Table I, 
The meteorological data for the same period was also recorded (Table D) 

The temperature of water was read on a standard Centigrade thermo- 
meter immediately after takmg the water sample, 
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Denige’s method for phosphates as adopted by Atkins* was followed 
for the estimation of dissolved phosphates The reagents were prepared 
according to Florcntin’s formula* and the comparison of the colour of the 
standard solution with that of the sample of water to be tested was made 
on Hehner’s tubes 

Dissolved silicates were determined by the coloromelnc method of 
Dienert and Wandenbulcko. The colour, developed on the addition of 
reagenu, was matched agamst a suitable standard picnc acid solution'* 

The Nitrite content was estimated by Ones method as modified by 
llosvay and used by Orr** The Gnes-Ilosvay reagent was renewed very 
often and to ensure accuracy of results, a suitable standard solution was 
made by dilutmg a standard solution of higher concentration just before the 
addition of reagents as the dilute standard solutions change their nitrite 
content readily The colouis were compared in Hehner’s tubes. 

For the determination of Ammonia, 100 c c of sea-watcr, treated with 
4 drops of a saturated solution of mercuric chloride, was brought in a sepa- 
rate jena glass flask The estimation was made according to Wattenberg’s 
method** by use of Nessler's reagent All reagents excepting Nesselcr’s 
reagent were prepared each time ammonia was estimated Every possible 
precaution was taken to avoid contamination of the reagent with ammonia 
in the air and all bottles containing the reagents were specially fitted with 
‘ U ’ tubes containing pumic salts and sulphuric acid 

3 Chemical and Physical Conditions 

Tewp&aiwte:-^ 

The records of temperature of water are shown in Table 1. The 
maximum temperature was 32 5® C on 23rd June, 1945 ard the minimum 
24® C on 9th Januaiy, 1945 The range of temperature during this period 
was therefore 8 5® C On comparing with the meteorological data (Tabic II) 
It Was found that there was a close relation between the temperature of air 
and water and the maximum and minimum temperature of water fell almost 
with the same range as the daily maximum and minimum temperature 
of air. 

The dry and wet-bulb thermometer readings (Table II) indicate that the 
evaporation of sea water is going on all the year round The rate of evapo- 
ration IS influenced by the following factors —(1) Atmoo^phenc pressure, 
(2) Atmospheric temperature, (3) Atmospheric humidity, (4) Atmospheric 
movements— Wind, aid (5) Variations m salinity Sea-water evaporates 
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more slowly than fresh water Harvey” has shown that the cooling of sea* 
water is to some extent dependent on the seasonal changes in evaporation 

Sato/fy;— 

The variations in salinity are shown in Fig L The maximum salinity 
recorded during the period under review was 38 47^^ on 21st May, 1945 and 
the minimum on 17th July. 1944 The fluctuations of salinity during 

July-September were due to sudden influx of fresh water It increased during 



SCAlE — • 3 OiviHON* «• t tng 

Fio. 1 Seatonal Vanations m Sabuty 

the succeeding months with mtermitent rise and fall and reached its maxi- 
mum m May 1945» 

Density:-^ 

The variations in the density of water were xn accordance with the 
salinity of water The maximum and minimum values recorded were 1026 
and 1015 respectively (Table 1). 
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Hydrogen-hn Concentration:^^ 

The hydrogen-ion concentration of our harbour waters varied between 
7*8 to 8*35 (Table 1) It was highest on 20th April, 1945 and lowest on 
19th December, 1944. 

Phosphates:-^ 

Phosphate though found in small quantity m sea-water is one of the 
essential food constituents of phytoplankton The phosphate content 
showed no marked fluctuations excepting once and was found in varying 
quantities throughout the year, the average being about 22 mg per m*. It 
will however be seen from Fig. 2 that there was a sudden increase m the 



Pio. 2. Seasonal Vantitons m Phoaphato Content 

phosphate content on 6th Novembsr, 1944 Such a sudden rise has also 
• been recorded elsewhere previously by other workers. This h# value 
nugbt be due to the excus of bacterial decomposition of the oijanic matter 
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at the bottom of the sea or as suggested by Cooper^* might be due to direct 
oxidation caused by a number of factors acting on the air-water interface. 
The lowest quantity recorded was 13 *04 mg. per m* on 14th April, 1945 
(Table 1), 

The amount of dissolved silica in harbour Waters was found to be much 
greater than other chemical constituents recorded here. The minunum 
value during this period was 315 mg per m* and the maximum 1953 mg. 
per m* in September 1944 and m January 1945 respectively (Fig 3) The 
quantity of sihca was found to be higher particularly dunng January, Febru- 
ary and March than the other months of the year. 



JULY AUft 3£PT OCT HOV PEC JAN FEB MARCH art'll, MAT 
SC Act— 01 Vision « ItTmq 

PfO 3. Seasonal Variatioos In Silica Coatent 


Nitrites and Ammonia : — 

The concentration of nitrite varies much as it occupies an intermediate 
position in the oxidation of ammonia to nitrates. The nitrite content may 
be taken as a useful mdicatton of rapid transformation of ammonia to 
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nitrates It will be seen from Fig 4 that there was in general a corres- 
pondence m the occurrence and variations of nttrite and ammonia during 



SCALE -^5 OIVt^lONS « 4 >Hd X- X V FOa NITRITE 

^ O— 0 — 0 FOB AMMONIA 

Fio 4 Seasonal Variations m Nitnte and Ammonia 

this penod The minimum and maximum values for nilntc were 4*60 
and 167*1 mg per m* and for ammonia 9 84 and 156 3 mg per m* res- 
pectively (Table 1) 

Meteorological Data:-^ 

The meteorological data such as Atmospheric Pressure, Humidity, 
Wind, Cloud, etc , were recorded for the same penod as these factors have 
direct relation with the prevalent physical and chemical conditions in the sea, 

4 Summary of Conditions in Waters of thb Bombay Harbour 
DURING 1944“45 

(1) In the rainy season (from June 15th to the end of September) the 
weather was less settled and there were thunder storms and heavy showers 
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of rain. There was a considerable disturbance in the sea and the water 
was mixed over great depths during this period In the remaining part of 
the year the winds were lighter and the mixing of water less pronounced* 
The sky was overcast with clouds for the most part of the rainy season and 
there was a bright sun light from October to the end of May 1945 

(2) The temperature of water varied between 24® C. and 32 5® C 
The maximum temperature of air was recorded as 103*1® F on 24th March, 
1945 

(3) The salinity was low m the rainy season— 23 56®/^^ on 17th July, 
1944 and high in the summer— 38 4®/^^ on 21st May, 1945 

(4) The range of Hydrogen-ion concentration was 7*8 to 8*35 

(5) Phosphates were found in quantities varying between 13 04mg/m^ 
and 37 8 mg /m* It was as high as 51 9 mg /m® in one sample 

(6) The amount of dissolved silica was greater than any other chemical 
constituents recorded heie The lowest value was 315 mg /m^ and the 
highest 1953 mg /ra** 

(7) The minimum and maximum quantit’es for nitrite were 4 60 mg /m® 
ard 167 Img/m* and for ammonia 9 84mg/m® and 156 3mg7m® res- 
pectively 
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FURTHER APPLICATION OP POTASSIUM 
FERRICYANIDE METHOD* IN THE ESTIMATION 
OF ORGANIC CARBON IN SOILS 
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1 . Introduction 

Thb complex nature of humus which depends largely on its origin and mode 
of formation leads to considerable difficulties in the cstunation of organic 
carbon in soil Further, in view of the fact that the standard dry combustion 
method is complicated, laborious and time-consuming, resort is being had 
almost entirely to the wet combustion methods by workers on soil Of 
ffiese, the acid permanganate method modified by Nostitsz (1936), the alkaUne 
permanganate method by Puri (1937) and Potassium dichromate method by 
Walkley and Black (1934) are m common use During the course of their 
work, the authors have experienced much difficulty in the application of 
these methods for the estunation of organic carbon in calcareous soils, 
which in North Bihar may contain sometimes as high as 25-30 per cent 
of CaCOf Under these conditions, potassium permanganate m acid medium 
IS found to decompose on heatmg and thus straight away lead to erroneous 
results. Walkley and Black’s method which perhaps surpasses all the 
methods referred to above in regard to simplicity and rapidity, gives in- 
variably higher values in calcareous soils compared to the dry combustion 
aielhod while Pun’s alkaline permanganate method altbou^ it iS the nearest 
qgiroach in aggregate of the soil samples examined, gives generally lower 
wtiues and its end-point is not too well-defined With the success already 
ariiieved by the authors with the alkaline potassium femcyanide solution 
m tbs estimation of reducing sugars in cane juice (1938) and carbohydrate 
m cane leaves extract (1942), this solution was further tried to estimate 
organic carbon in soils. The results obtained during the last two seasons 
have compared very favourably with those obtained by the standard dry 
combustion method 

*Tbs pMvious papers relate to the use of this method for the estlimtion of (i) Reducing 
wps to canajuim end (iij Carbcdiydrate in cane leaves. 
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2 fXPERIMFNTAL 

Potftgstum permanganate in add medium decomposet cm heating 
(No3Utsz« he, eit.) and the authors find that the rate of decomposition 
creases with the period of botkng (Table 1). Both potassium permanganate 
and potassium ferncyanide in alkaline medium, however, remain quite 
stable for the brief period of boiling which is usually not more than five 
minutes and is quite ample to oxidise the organic matter 

Table 1 


Rate of decomposition of oxidising agents with the period of boding 


Period of 

boiltnK 

(A) 

Acid potmiura 
t»ermAng&nate 

(»> 

Alkaline poUstmm 
permanf«nate 
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Alkaline potatalam 
ferricyanide 

Remark • 

Vol N/IO 
KWn 04 
taken 
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KMn 04 
found 

Vol N/10 
KMn(>4 
tak en 

Vol N/10 
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found 
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K,Fe(CN‘« 

taken 
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K,Fo(CN)4 

found 
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do 

do 

; authors and for 
i C as foMowe— 

2 do do 1 

20 0 

14 8 

do 

do 

do 
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I 

1 

1 

20 0 

14*5 

do 

do 

do 

do 

K.Fe(CN)4SoU 
are Mied with 

3 do do I 

20 0 

14 0 

do 

do 

do 

do 

20 cc. of S*5» 


20 0 

n*8 

do 

do 

do 

do 

KOH and titra 
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4 do do 

30 0 

i3 6 

do 

do 

do 

do 

extra pare dax* 


20*0 

13*5 

do 

do 

do 

do 

trose eot. using 
one drop of 1% 

5 do do 

20*0 

13*0 

do 

do 

do 

1 do 

metbyline blue 


20*0 

12 7 

do 

do 

do 

do 

as an Internal 

1 Indicator 


The alkaline potassium ferncyanide solution is a well-known oxidising 
agent and it has been observed that its rate of oxidation increases with the 
increased concentration of the solution. From the experimental results 
obtained with the various concentrations of the potassium ferricyanidc 
as well as the KOH solutions, the following procedure has emerged as giving 
the best results in so far as the estimation of organic carbon in soils is con* 
cerned Tais consists m boiling 2 grammes of soil (finely powdered and 
seived through 100 mesh wire-gauze) with 20 c c. of 2 5% KOH solution for 
one minute, then adding 20 c c, of ^ potassium ferricyanidc solution from 
a graduated burette, and further boiling on an electric heater for 3-4 minutes 
for complete oxidition Tne excess of ferricyanide solution is titrated back 
against 0 5% extra-pure glucose solution, the glucose and ferncyanide 
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tcriution being standardised such that 20 cc of 5% ferricyanide solution 
exactly neutralises 20c.c. of 0*5% extra*pare glucose solution. 

Walkley and Black {he. cit) mhilt comparing their results with those 
from the standard dry combustion method found that only 60-85 per cent, 
of carbon reacted with Potassium dichromatc and therefore they multiplied 
their results by 1*32 Puri {he. cit.) similarly worked out a constant factor 
of 3*9 to go with his method. This factor so far as the method outlined 
above is concerned is 0*2 for 2 grammes of soil, the percentage of organic 
carbon in soil being calculated by multiplying the volume of 5 per cent, 
potassium ferrncyanidc solution consumed by 2 grammes of soil by 0*2 
(Table H) Liebig*s standard method of combustion was used as the stands 
ard for companng the results, The soil was heated in a stream of oxygen, 
the products of oxidation passing over glowing copper oxide to ensure 
complete oxidation and then overheated lead chromate to remove oxides 
of nitrogen, sulphur and halogens. The carbon dioxide produced was deter- 
mined gravimetrtcally Over a dozen soil samples in the senes given in 
Table II contain inorganic carbon (as CaCOg) and, therefore, this CaCO* 
was removed from the soils before actual combustion by evaporating the 

Table II 

Comparative results of organic carbon esttmatton by the four methods 




Pertontage of organic corimn rn soiU 

SoU 

Ko 

Patticulari 

Alkaline pot 

Pot dirhro 
te method 
(Walkloy and 
Black) 

Standard dry 

Alkaline pot. 


pernanganate 
method (Pari) 

cumbu<;tion 

mothoiitUebig) 

ferric) anide 
method 

1 

% 

3 

4 

5 

6 

1 

3 

tSaSn 

0*48 

0*87 

0*64 

0*64 

0*64 

0 63 

0*64 

0 42 

8 

MoUpur 

0*39 

0 64 

0 47 

0*48 

i 

Pttsa 

0*85 

0 62 

0 6i 

0 66 

a 


0*41 

0*47 

0*39 

0*90 

• 

.. 

0*09 

0 78 

0 65 

0 76 

7 

M<m(hyr 

0*08 

0*68 

0 06 

0*66 

S 

HarinMt&f 

o*ao 

0*80 

0*65 

0 58 

s 

Ntvadfth 

0*68 

0*09 

0 61 

1 0*63 

10 

BalMore 

0*07 

0*63 

0*54 

1 0*62 

u 

Tilpar», S^«ba4 

1*31 

1*82 

1*21 

1*35 

It 

Kaiike, KMchi 

0*74 

0*98 

0*86 

0*88 

u 

Jaaadtshpttf, Bazar 

0*63 

0*74 

0*62 

0 07 

u 

Cattack 

0*57 

0*77 

0*66 

0*80 

Ifl 

Patna 

0*00 

0*78 

0*64 

0*00 

It 

Patporia, Motthari 

1*80 

1*38 

1 19 

1 30 

17 

Ktakanp^* Motlhari 

0*S4 

0*96 

0*78 

0 88 

u 

Babawara* Harlnacar 

o*ts 

0*7t 

0*66 

0*60 


L.. 
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loil to dryness on a water-^bath With excess of sulphurous acid. The soil 
IS then powdered and mixed with a mixture of lead chromate and potassium 
chromate (lead chromate I part and potassium chromate 10 parts) m the 
proportion 2 1 and introduced into the combustion tube through the 
porcelain boat. The combustion is then proceeded as usual, only the 
ignition is done at a lower temperature. No sulphurous acid treatment 
was needed for other five carbonatc-frec soils 

The data recorded m Table TI has been subjected to statistical ana- 
lysis (Tabic ni) where the differences in between the different methods have 
been tested with student’s ‘ t ’ The results tn the third column show that 
differences between A and B are highly significant whereas those between 
A and C and A and D are of the same order though ‘ D ’ shows closer agree- 
ment with the standard method A This would be evident from the magni- 
tude of the intra-class correlation coefficient as recorded in column 5 of the 
Table Itl refened to above Further it has already been pointed out m 
para 1 above that C suffers from not too exact an end-point. 


Table III 

Stat$sUcal evaluation of different methods employed for the estimation 
of organic carbon m soils 


(1) 

(8) 

(3) 

(4) 

(») 


; 1 

Mean | 

1 

S.E 

Prob (0 

latrs'Clfteii correle. 
coeflRctenta 

A-B 

"0 1220 

0 0161 

Lese than 0 001 

.• 

A-C . .1 

0*0407 

O'OSSO 

0*176 

0*8720 

(Bet. A a C) 

A*D 

-0 0107 ' 

0 0203 

o*eos 

O»03M 

(Bet. A a D) 


Where A elands for the standard method 

B „ W«]Uey A Black's method 

C ,, Puri’s method. 

D „ Pot femcyaoide method 

3. SUMMABV 

1 Potassium permanganate in acid medium is found to decoi^posc on 
heating and the rate of decomposition increases with the period of boiliny, 

2. A method for estimation of organic carbon m soil by oxidatlg^ 
with alkaline potassium ferricyanide solution is outlined. 
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3. The results obtained by the potassium ferncyanide method are 
shown to agree more closely in calcareous soils than other methods a^ith 
those obtained by the standard dry combustion method. Besides the method 
is more exact m view of its very sharp end-point. 

4 Acknowledgements 

The work was earned out as part of the Sugarcane Research Scheme 
in Bihar partly financed by the Imperial Council of Agricultural Research 
to whom grateful thanks are due The assistance rendered in the analytical 
work by M. Farooque is appreciated 

REFFRENCrS 

Khanna, K L , and Sen. S. C Jour M 4sric Sci , 1913, 8, 441 4* 

Proc /mf Sd, 1942, 15. 456 60 

Nostilez, AO Bo</in K. Pflaintntrnahr, 1936, I, 93-101 

Pun. A. N SollScl. J937, 44, J2J-27. 

Walkky, A., and Black. I A IbU , 1934, 37, 29-33. 



OBSERVATIONS ON THE COLOURATION OP 
MYSTACOLEUCUS OGILBII (SYKES) DURING 
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(Dipartment of Fhhttifs, Dtcean) 

(With Text^ftgures 1*7) 

Received June !7, 1946 

(Cooimuntcated by Dr M A Moghe, ph d (London^ f a.sc ] 

Durino the flfh-survey of the rivers and reservoirs of the Dominions 
many young stages of Mystacoleucus ogUbU (Sykes) were collected. Most 
of the specimens were caught in the River Kistna near Oudwal in die 
month of May 1:#43, since then other specimens were available from die 
Rivers Manjra and Godavari, and some other reservoirs. The young 
ones ranged from 43 mm to 97 5 mm The colouration during growth 
was as follows: 

1. The smallest specimen (Fig 1) was 39 mm long; the ground colour 
in the freshly«caught specimens was yellowish-white or in some spectmeus 
brownish. Six vertical black bands were visible, Ist above the opercle 
2nd a litde bdiind it, 3rd descendmg from the fore-part of the dorsal flu, 
4di from the posterior part of the base of the dorsal, 5th above the middle 
of the anal, and the dA near the base of the caudal fin. All the bands, 
excepting the first two reached the ventral profile. 




2. Specimens measurmg 43 mm. (Fig. 2). Bands do not reach the 
ventral l^oftle and the ground colour becomes a bttle lighter. 

80 
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3. ^pecimeas measuring 51 mm. (Fig. 3). Bands assume greyish* 
Mack colour and hardly distinct below the lateral line excejumg the 2nd 
one. The last one assuming the form of a blotch. 

4. Specimens 77-5 mm. long (Fig. 4). Bands become still lifter in 
colour and some of them split up in the middle, the lower portions assume 
the form of blotches. The colour of the bands becomes still lifter and 
the ground colour becomes silver-grey. 

5. Specimens 86 mm. m length (Fig. 5). Most of the* bands scatter 
and assume the form of irregular blotches and streaks Caudal spot still 
distinct. 




6. ^ecimens97-Snun inlength(Fig. 6). Streaks irregular and found 
mostly on the lateral line. This stage corresponds to the specimen 



n 


Ml RflhiihuUl^ 



described by Dr. Hora, in the Rec. Ind. Mus , Vol XXXIX, Part IV, 1937, 
from River TungaUiadra near Kurnool 

7 Fig 7 has been reproduced from Day’s Fishes of India (Plates). 
He has described the colouration of the adult ilsh “ Purplish-silvery along the 



back, becoming sUvery-white from about four rows of scales above the 
lateral line The young sometimes have a dark spot at the base of the caudal 
fin, and four or five narrow black bands descemling from the back to the 
middle of the side.” I have no specimens m my collection which corres- 
ponds to the adult one described by Day For confirmation, I got aome 
speotmeM from Dr. Sifter, Poona, but coidd not find any in those also sdiidt 
were snChout any blotches and streaks 
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Mystacolmcva was included m the genus Kohtee by Day, but has since 
then been established as a separate genus, owing to the presence of “Pro- 
cumbtait Pre-dorsal spuie” in the dorsal ftn which is absent in the genus 
Rohiee. It has been fully dealt with by Mukerjee, Rec Ind Mus , VoK X)OCIV, 
1932, and later by Dr Hora in the same Journal, Vo) XXXIX, 1937. 

Refbrencfs 

Day, F Fauna of Bntlsh India, 1889, J, 342 

Hora. S L “Sy^tcTiatic Position, Oeographital DtMnbution anj 

Evolution of inc Cypnnoid genera with ProLumbent 
Pre-dors4l •.p ns,’* Rec Jnd \eus , 1937. 39, 311-21 
Hora.S L , and Misri, K S * Fish of Poona ,” Bombiiv Nut Hist Sot, 1942, 

43, 218-25 

Mukerjee, D. D ** On a Collection ol Pish from 1 ower Buima,'* Rec 

Ind Mtn, 1932. 34, 281 87 


HMI It Th* Mvmm Raod CUt by O SHniwt Nw Siip«rliit*n4*til 

Mtf Pvbti«h«d by lit* tnat«n Actdemyol feteoewt, S««t«(6n 




A SYSTEMATIC ACCOUNT OF THE MARINE 
PLANKTON DIATOMS OF THE MADRAS COAST 

By R Subrahmanyan, M Sc 

tFrnm the Drpartmem oj Botany, Umvermy of Multoi) 

Keceiv.d June 24, 194^> 

(Communicated by IVof MOP Ivtngar) 

In rkoiJUCi ion 

Vbry little work has been done on the marine plankton Diatoms of the 
Indian coast, the only previous record being a reference to a few forms by 
Sankara Menon (1931) and a list of Diatoms collected from the Madras 
coast by Gopala Iyer, Sankara Menon and M G K Menon (1936). 
MAS Menon (1945) in a paper on the plankton of the Trivandrum coast 
has given a list of 41 Diatoms as occurring m the area As it was thought 
that a detailed illustrated systematic account of Indian marine Diatoms 
would be very useful to algologists in general and pisciculturists in particular, 
the author, at the kind suggestion of Professor MOP Iyengar, took up 
the examination of the plankton Diatoms of the Madras coast 

Most of the forms dealt with in this paper was collected by the author 
'Die author is very much indebted to Professor R Gopala Iyer for placing 
at his disposal samples of plankton collections from the Madras coast The 
material, as far as possible, was examined soon after collection in the living 
condition and drawings were made mostly from living specimens Drawings 
were also made from carefully prepared slides of the forms whenever neces- 
sary For this purpose the material was cleaned, dehydrated and mounted 
in styrax or Canada balsam 

Altogether 171 forms wefts recorded, representing 15 families, 64 genera, 
134 species, 9 new species, 17 varieties, 4 new varieties and 7 forms 

The forms showed a good deal of resemblance to those of the Java 
Sea (Allen and Cupp, 1935) About 50% of the forms recorded in the Madras 
plankton were found in the plankton of the Java Sea also But only a 
few of the forms recorded by Karsten (1907) from the Indian Ocean were 
found in the Madras plankton Many of the forms desenbed here have 
I^ecn recorded previously from European waters but arc new records for 
this country. 

Bi 
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PART I 

BaciUariophyta {DUtom 0 B€) 

Order: CmmuoMs 
Sub-order: Discoidbab 
FamUy Coscinodiscea) 

Sub-family Melosirines 
I Genus Mehsira Agardh 
Sub*genu8 Paraiiu 

1 Melosira sulcata (Ehrcnberg) Kutzing 
(Figs. 1 and 2) 

Kutzing. Sp Alg., 1849, p. 30; Pritchard, Hist. Inf, 1861, p 819, WL IX, 
fig. 131, PI XI, fig. 26, Rabenhorst, FI Eu Alg.. 1864, pt. 1, p. 42; Van 
Heurck, Trattd des Dtatomdes, 1899, p 444, text-fig. 166, PI. 19, fig. 624; 
Boyer, Syn. H Am. Diat , part 1, 1926, p 25; Hustedt, Rabcnhorsfs 
Krvptogamen^Fl , Bd VH, Teil 1, 1930 6, p. 276, fig. 119 

Orthosira marina W Smith, Syn. Brit. Diat , Vol. 11, 1856, p 59, Pi Lllf, 
fig. 338 

Paralia sulcata Cleve, Diat. Artie Sea. 1873 6, p 7, De Toni, SyU 
Alg . Vol, n, 1891-94, p. 1349; Allen and Cupp, Plank Diat. Java Sea, 
1935, p. 113, fig. 1, 

Paraba sulcata (Euenbjrg) Gran, Nordisches Plankton. Bot. Teil, 
Bd. Vril, 1908, p. XIX 14, fig. 5; Lebour, Plankt. Diat N. Seas, 1930, 
p. 28, fig 9. 

Cells forming closely fitting, long chains, disc-shaped 11-30/^ in dia* 
meter and 5-8/t in height. Valves bowl-sbapM, with short mantel, at the 
base constricted Disc flat. Ceit-wall strong Papilla-tike structures at 
the border of the valve; those of the neighbouring cell fitting mto the dc* 
pression between these papilla, and thus helping the cells to hold together. 
Mantel with projections Ground membrane of valve mantel with rows 
of pores, pores about 18 in iOp. Outer wall of mantel drawn into lamelbh 
like teeth. Chromatophores numerous, small, disc-shaped. 

According to Grunow (c/. Hustedt, 1930 6, p. 278) the foUowing fonm 
are dhtinguishabte.r- 
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Parma rasHata, In valve view« the middle field with a corona of slender 
ribs enclosing a small central area (Fig. 4). 

Forma coronata. In the valve view, the middle field with a marginal 
ring of large spots (Fig. 3). 

Disrrifiu/ibn.—Northem seas, Arctic Ocean, Atlantic and Pacific coasts 
of Amenca, Mediterranean Sea, Java Sea, m fossils from Greece, ^dly 
and Afnca. 

II. Genus Podosira Bhrenberg 
2 Podosira Montagnei Kutzmg 
(Figs. 5, 6 and 10) 

Kutzing, Sp. Alg , 1849, p 26; W Smith, Syn Brit Diat , Voi. 11, 1856, 
p. 53, PI. XUX, fig 326; Pritchard, ifis/ Inf, 1861, p 815, PI V, fig 61; 
Rabenhorst, Ft, Eu Alg , 1864, pt. 1, p. 37, Cleveet Grunow, Arct Diat , 
1889, p 118; DcToni, S;^// . 1891-94. Vol II, p 1360. Boyer. N 

Am Diat , part 1. 1926. p. 31; Hustedt, Rdbenhorst*s Kryptogamen-Fi , 
Bd. VII. Teil 1, 1930 6. p 281. fig 122. 

Podosira layisGttgoty, GrcviUc, Desertp New sp, Diat,, 1859 a, p 85, 
PL VI, figs. 15-17. 

Melosira Montagnei Lagerstodt, Saltvattens Diat . 1876. p 9 

Cells round to cylmdrical with weakly developed valve-mantel and 
convex disc, 26-41 /i in diameter. Cdl^wail areolated. areolc in pervabr 
as well as in two senes crossing one another, 20-24 m 10/i In valve view, 
on the disc the areola; in regular bundles parallel radial series and in 
irregular cxcentric senes crossing one another Centre of the disc not 
differentiated, umbilicus absent. Auxospores observed occasionally. 

Distribution -^LitioTBl regions of Europe, the Caspian Sea and the 
Atlantic Ocean. 

m. Genus Py^cula Bhrenberg 
3. Pyxidicula minuta Grunow 
(Fig. 11) 

D 2 Tom, SyU. Alg. Vol. II. 1891-94. p. 1148; Hustedt, Rabenhorst’s 
Kryplogmai-JFl.. Bd. VH, Teil I, 1930*. p. 301. fig. 139. 

Celb very small, lift in diameter. AreoliB on disc arranged m two 
linear system crossing one another, about 9 in lO/t. 

ZMMrl6ulto*.— Franz JosePs Land. 



^ Subrahma^iyan 

IV Genus Stephanopyxis fihrenberg 
4. Stephmopyxis turris (Grev. ct Am.) Ralfs 
(Fig. 16) 

Pritchard, Htst Jnf , 1861, p. 304, PI. V, fig 74, Castracanc, Diau 
Chcdi. 1873 ’76, p. 88; De Tont. SylL Alg . Vol R. 1891-94, p 1138; Van 
Heurck, TraiU des DiatomSes, 1899. p 434; Gran, Nordisches Plank , Bat 
Tell Bd Vm. 1908, p XIX 14. fig 6, Boyer. Syn N Am Diat , part I, 1926, 
p 35; Labour, Plank Diat N Seas, 1930. p. 73, fig 46; Hustdet, Rabcn- 
horst’s Xry/^/ogawert-F/ , Bd VII, Teil 1. 1930, p 304, fig 140 

Cresswelha turgida Greville. Diat Cal Guano, 1859 6, p 165, Pi. YlII, 
fig 14 [Stephanopvxts turgida (Grev) Ralfs, Pritchard. Hist hif, 1861, 

p 826] 

Cells cylindrical, with arched end faces, about 51 p in diameter. 
Areolae about 4-6 in lOft. all of about the same size, A number of processes 
arranged in a circle at the ends of the valves, those of the neighbouring cell 
ouching these and forming a chain 

Distribution —Pelagic in the European seas, Atlantic and Pacific coasts 
of America; in the guano deposits of Peru 

5 Stephanopvxis Palmenana (Grevilie) Grunow. 

(Figs 12-14, 17, 18 and 20) 

Di Tom. Syll Alg, Vol IT. 1891-94, p 1141, Lebour. Plank. Diat 
S Seas, 1930, p 74, fig 47; Hustedt, Rabenhorst’s Kryptogamen-Fl, 
Bd. VII. Teil J. 1930, p 308, fig. 14^, AMcn and Cupp, Plank Dtat Java, 
Sea, 1935, p 113, figs 2, la, 2b 

Creswellia Palmenana Grevilie, Descrip New and Rare Diat,, Ser. Xiv, 
1865 a, p 2. Pi I. fig 9; 

Stephanopyxis campana Caslracane, Diat Chall Expedn , 1876, p, 88, 
PI XIX. fig 14 

C.;l]s cyhndncal with slightly convex valves, number of cells joined 
together by their spines to form chains, diameter 53-1 l2/i. Areolie at the 
base of valve-mantel small, 7 in 10ft; towards the disc increase in size, 
4 in 10 ft and m the centre of the disc very large and hardly visible. Spines 
numerous, arranged m a ring and enlarged at the base. 

Resting spores with very thick walls were very common During 
their formation, the mother-cell divides into two. Instead of normal valves' 
being secreted, the new valves that are formed are very thick wailed^ strongly 
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sculptured and more convex than the normal valves. They possess fewer 
spines. After the formation of this wall, the cytoplasm contracts from the 
other side, /.e., the side towards one of the parent valves, and a simitar 
thick-walled valve is formed. The spore in its mature condition is lens- 
shaped, shows a large number of chromatophorcs and a nucleus, and 
stains very densely 

Dutribution —Almost absent in Northern Europe, but sparsely distri- 
buted m the Southern European coast, abundant in the warmer seas, Hong 
Kong, Java, Australia 

Sub-family Sceletoneminea; 

V Genus SceletonemaQx^wWt 
6 Sceletonema costatwn (Greville) Clevc 
(Figs. 7, 8 and 9) 

Cleve, Dial WeU Ind Arch, 1878, p 18; Van Heurck, Traite des 
Diatcmles, 1899, p 437, PI XXXTTI, fig 889 ard 890, Gran Nord Plank , 
BoL Teih Bd 8, 1908, p XIX 15, fig 7, Boyer, Syn N Am Diaf , 1926, 
p. 63; Lebour, Plank Diat N Seas, 1930, Hustedt, Rabenhorst's Kr}pto- 
gamen-Fl„ Bd. VIT, Teil 1, p 311, fig 149; Alien and Cupp, Plank Diat , 
Java Sea, 1930, p 113, fig 3 

Mehsira costata GreviUc, Desenp New and Rare Diat , 1866, Scr xix, 
p, 77, PI. Vin, figs 3-6. 

Prustulcs weakly silicified, lens shaped with rounded ends forming long 
slender straight chains with the aid of marginal spines which run parallel to 
the axis of the chain Space between the cells longer than the cells Chro- 
matophores two plates which are at times dissected No visible structure 
on the valve Diameter of cells 10-1 5/i Auxosporcs were observed 

Distribution —One of the commonest pelagic marine diatom, reniic, 
occurring in quantities Found m the Arctics as well as in the Tropics. 

VI Genus Thaiamosira Clevc 
7. Thalassiosira decipiens (Grunow) Jbrgenson 
(Fig 19) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , 1864, Bd VIT, Teil I, p 322. 

fig. m. 

CoscinodisGus deaptens Grunow, Van Hcurck, Traiti des Dtatomles, 
im, p 532, PI XXXIV, fig. 905 
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KOtzing. X 710, Fig* 7-9. (GreviUe) Clew Fig 7* x 330; 

$t X 710; 9, ftUXOftpore, x 710 Fig 10. Podoslra Montagnei KUtzing Auxoepow x 710* 
Pig. U. Pyxk^ula minitta Qruaow x 930 Figs 1 2- 14 Stepkanoyyxis PaimeHana {OreviWt) 
Oronow. Figs 12 and 13 SUgo« m resting spore formation x2t3 Ftg 14 A chain of four 
WgeUtive odU, xl38 Fig IS Thalkuslosira (vrwnandetiHa tjp nov x220 Fig 16 Sl€phan^ 
pyxts lurrif (Gteviflc er Am) Ralfs x 460 Fig* 17-18 StephatwpyxU Palmeriana (GrevDle) 
Onmow. Sculpturing on the valve Fig 17, Valve view x 460. 18, Girdle view x 710 
Pig. 19 Tlidlxsslosira deciptens iGr\xnc)V/) SoTw^mon Valve view x930 Fig 20 Stephamf* 
pyxis FalmerUma (Gieville) Grunow Resung spore < 460 

Cells diic-«haped, diameter 16#* Valves flat with minute spines along 
the border. Valve arcolatcd, areolae in three or more systems, their size 
becoming smaller towards the border In the centre, about 12 m 10/* and 
towards the border. 15 in 10/*. 

Distribution.-An the coastal plankton of the whole of Europe, prepon-» 
derating in the North, recorded also in the Mediterranean, the Aral Sea 
and the Caspian Sea. 

8. Thalassiosira coramandehana sp nov 
(Fig. 15) 

Cells disc-shaped, connected by a thin mucilage strand and forming 
chains of 4 to 8 or rarely more. Valves convex, about 40/* in diameter; 
very weakly silicified Structure on valve not visible in water mounts, the 
cells break down when treated for balsam or slyrax mounts 

This form resembles T. Nordenskwldu (Clevc. 1873 b. p 7. PI I. fig 1 ; 
Hustedt. 1930 ft. p 321, fig 157) and T. decipiens (Hustedt. 1930 ft. p 322» 
fig. 158) in habit But the valve m the present form is convex unlike in the 
above forms where it is flat. The cells resemble those of T subtiUs (c/. 
Hustedt. 1930 ft. p. 330. fig. 166), but differ in their habit T. subtiUs forms 
colonies by the cells being embedded in a common mucilage, whereas in 
the present form the cells arc connected by a mucilage strand as in the 
first two forms 

Dlstrihution , — Plankton of the Madras coast 

9 Thalassiosira subtUn (Ostenfeid) Gran 
(Figs 21. 22 and 23) 

Gran. Nord, Flank , Bot, Ted, Bd. VIII. p. XIX 19, fig, 14; Hustedt. 
Rabenhorst’s Kryptogamen-Fl., Bd. VII, Tcil I, 1930, p. 330. fig. 166. 

Cells disc-shaped, forming a colony enclosed in mucilage, diameter 
36*5/** Valves weakly silicified, structure not visible. Chromatophores 
numerous* disc-shaped. 

l>u/riftM/lcm.«-*North Atlantic. 
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Sub-family Coscinodisoneie 

Vn Genus CyoloteUa Kutzmg 

/ 

10. Cyclotella Meneghimana Kulzing 
(Figs 25, 26 ard 27) 

Kutzing, Sp Alg, 1849. p. 19, Rabenhorst. FL Eu Alg . 1864. pt. 1, 
p 33; Dc Toni, Syll Alg, Vol T(. 1891-94. p 1354, Van Heurck. Traitd des 
Diatomdes, 1899, p 447. PI XXII, fig 656; Boyer, Syn V Am, Diai , 1926. 
p 38, Hiutcdt, Pascher’s Susswasser-Ff , 1930 a, Heft 10, p 100. flg 67; 
Rabenhorst's Kryptogamen-F! , Bd VU, Tcil 1. 1930, p 341, fig 174; 
Venkataraman, S / Diat , 1939, p 299, figs 11. 14, Iyengar and Subrah* 
manyan, Fossil Dtat , 1943, p 226. figs 1-2 

Cvchtella rectartgula Bribisson, Pritchard, Hist Inf , 1861. p Bll and 
938. Pi V. fig 54 

Distribution - Littoral form, coast of entire Europe; occurs in water 
of all concentrations,— fresh, brackish, and marine Recorded from N. 
America, India, fossils from Germany. Lower Austria. Italy, Moravia, 
Sumatra, Karewa Beds of Kashmir in India. 

1 1 Cyclotella Unata (Kutzing) Grunow 
(Fig, 31) 

Cleve and Grunow, Arctic Diat , 1880, (2), p 119; De Toni, Syll, Alg , 
Vo) IT. 1891-94, p 1352, Van Heurck. Traiti des Diatomdes, 1899, p 444, 
PI XXII, fig 651 , Boyer, Syn. N Am Diat,, 1926, p 37, Hustedt, Raben^ 
horst’s Kryptogamen-Fl , Bd Vll, Teil, I, 1930, p 344, fig 176 

Cyclotella Dallassiana W Smith, Syn Brit Diat , Vol II, 1856, p 87; 
Rabenhorst, FI Eu Alg , 1864. p 33. 

Cyclotella styiorum Bright well, Rarer and Undcscrib Sp, Diat, Part 2, 
1860, p 96. PI VI, fig 16 

Cyclotella radiata BnghtwelJ, Rarer and Vndescrib Sp Dial , Part 2, 
1860, Pi Vr, fig 11 

Cyclotella smensLs Ralfs, Pritchard’s Hist Infusoria, 1861, p 812, 
PI XV, flg 4. 

Cells disc-shapcd. 16*5-35 5p in diameter. Valves with more or less 
broad evenly striated border. stn« 10-12 m lOf*. Central portion with 
pficxes and coarsely punctate. 

Distributlon*--Liixord\ form m the European coast; estuaries along the 
Atlantic coast. 
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VITT Genus Cosctnodiscus Ehrenbcrg 
Section Ltneati 

12 Cosctnodiscus excentricus Ehrenbcrg 
(f igs 29 iiitd 30) 

W Smith, Brit. Diat , Vol T 1853. p 23, PI III, fig 38, Rattray, 
Revis Coscinodhcus, 1888-89, p 461 , DeToni, Syll ^4/? , Vo’ 11, 1891-94, 
p. 1210, Van Heurck, Traiti des Diatomles, 1899, p 531 PI XXItl ftp 666, 
G-an, Mord Plank , Bot Ted, Bd Vfll, 1908, p XIX 29, fig 29, Boyer, 
Syn N Am Diat , 1926, p 43, Lebour, Plank Diat N Seas, 1930, p, 36, 
fig. 13, Hustedt, Rabenhorst Kryptogamen-Fl , Bd VII, Teil 1, 1930, p 388, 
fig 201 , Allen and Cupp, PUink, Diat Java Sea, 1935, p 114, fig 5 

Coscinodiscus lahvrmthus Roper, Bnt Mar Diat 1858, p 21, PI III, 
fig 2 

Cells disc-shaped, valves fiat in the ecnlre, slightly drawn m with spinulae 
at the margin, diameter 36 103 p Cells hyaline, not tolourid in dry prepa- 
rations Sculpture hexagonal, areol® arranged in langcnind sencS, areola 
almost all of same size, 6 m )0/t, at ihc edge, about 9 m 10 Margin 
striated Girdle also areolatc, areola very fine and arranged regularly 
Valve margin striated, stria 18 20 in (O/t Girdle arooiatc-punctate, piincta 
in regular rows. 18 in 10 fi 

Coscinodiscus excentricus Ehrenberg var fasctculata Hustedt 

Hustedt, RabenhorsCs Krvptogamen-Fl Bd VTT, Ted 1, 1930, p 390, 
fig 202. 

(Pigs 32 and 38) 

C subtdis Ehrenberg, De Tom, Syli Afg , Vol IT. 1891-94, p 1232; 
Van Heurck, Traitl des Diatomees, 1899. p 527, Boyer. Syn N Am Diat , 
1926, p 50, Allen and Cupp, Plank Diat Java Sea, 1935, p. 121, fig 18. 

Cells disc-shaped, diameter 38-76/1 Valve areolatcd, areola in several 
tangential scries, and. bec<iuse of this, appearing as though in radial hurdles 
Number of areola at the centre 9 m lOp. and at the border 12 m 10/t 

Distribution —Both the type and the variety are met with in the 
plankton of most seas, frequent Europe, the Atlantic and the Pacific 
coasts of America, Java, Miocene deposits 

13. Coscinodiscus hneatus Ehrenberg 
(Figs. 24 and 28) 

Rattray, Revis, Coscinodiscus, 1888-89, p 472, Dc Toni, Syll Alg , 
Vol. II, 1891-94, p, 1216, Boyer, Syn N, Am, Diat , 1926, p. 44; Lebour, 
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ekiftiaea KtUzirig. x 930. Figs 25 and 27, valv« view, 26, Oirdle view Ftg 28 Coscimh 
OtKUi tOieatus Ehnmborg x 930 Figs 29-30 C excentrkus Ehreoberg x 930 Fig 29, 
OinUe view, Fig. 30, valve view. Fig 3t Cyclottlta striata (Kdtzmg) Orunow x730 Fig 32, 
Cosdssodiscus txcentricus var faselculata Hustedt x 930 Fig 33 CoscinadlscuM GratiU 
Oougli. Oirdle view, x 220 Fig. 34 C suh^iineatus Orunow x 930 Fig 35 C Grantl 
Oou^ Margin of the valve ><710 Fig 36 C Rathh (Ehronberg) Grunow var suhsaUa 
(JnhUin-Dannfbldt) Hustedt x 770 Oirdle view Fig 37 C Granii var aralensis (Osterfeld) 
Httstedt X 460 Fig 38 C excentrtcus var fatckulam Hustedt ><710 Fig 39 C GranH 
0<Htgh. Rosette x7IO Fig 40 C Rothiivar (JuWlin-Dannfeldt) Hustedt x770 

Plank Diat. N Seas, 1930, p. 37, fig. 14. Hustedt, Rabcnhorst's Krypto- 
ganten^FI , Bd VII, Tcil 1, 1930 6, p. 392, fig 204, Allen and Cupp, Plank 
Diat* Java Sea, 1935, p. 115. fig. 6 

Cells disc-shaped with almost flat or slightly concave or convex valves, 
diameter 56ft. Valve surface areolated, areol® of almost the same size, 
6 m 10 ft, but very near the nm 9 in 10 f Areolas arranged in straight line 
systems. Chamber openings clear Valve margin striated, stns 12 in 10ft. 

Distribution — In all the seas, nentic and oceanic. Europe, Campechi 
Bay, Florida. Vera Cruz, the Pacific coast of America, and Java. A common 
form in all fossils (c/ Dc Tom, 1891-94, p 1216-17). 

14 Coscinodiscus sub-lineatus Grunow 
(Fig 34) 

Rattray, Revis Coscinodtscus, ! 888-89, p. 474; De Tom, Syll Alg., 
Vol. 11., 1891-94, p, 1217; Boyer, Syn N Am. Dial , 1926, p. 44; Hustedt, 
RabenhorsPs Kryptogamen-Fl , Bd. VIT, Tcil 1, 1930 6, p 394, fig 205 

Valves with straight tangential series of hexagonal arcolc® Diameter 
of cell about 23ft Arcol® 9 in 10/i and 12 in \0p near the margin 

Distribution . — So far known only from Franz Josef’s Land, White Sea 
and Behring Sea. 

Section Fasciculati 

1 5 Coscinodtscus Roihti (Ehrenbcrg) Grunow. 
var subsaisa (Juhllin-Dannfelt) Hustedt 
(Figs. 36 and 40) 

Hustedt, Rabenhorsl’s Kryptogamen-FI , Bd VII, Tcil 1, 19306, p 402, 
fig. 212. 

Coscinodiscits subsalsus Juhhn-Dannfelt, Rattray, Revis. Coscinodiscus, 
1888-89, p. 593; Dc Tom. Syll. Alg , Vol 11 1891-94. p. 1298. 

Coscinodtscus subtilis var. Rothu (Grunow), Van Heurck, Traitd de$ 
JHatomies, 1899, p. 533* 
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Cells small, diameter 29-53/1. Valve areolated, arcol® 10 in 10/*, 
arranged more or less in bundles, but not very clear Marginal spines 
present. Margin broad. Cells dark under the microscope 

Tnis form slightly differs from the type. The valve views arc very 
suniiar In girdle view, the valves ate convex at the centre and slightly 
concave towards the border The difference does not appear to be 
sufficient enough to separate this from the type 

Distrihution —Common in brackish water ard nver mouths 
Section Radial I 

16 Coscmodisctts marf^inatus Ehrenbcrg 
(Fig 41) 

Rattray, Revis Coscinodiscus 1888-89, p 509, De Toni, Syti Alg. 
Voi Tl. 1891-94, p. 1241; Van Heurck, Ttaitd des Diatomdes. 1899. p 527, 
Oran, l^ord Plank , Boi Ted , Bd VITT, 1908. p XIX 35. fig 36, Boyer, 
Syn IV Am Diat , 1926, p 54, Hustedt, Rabenhorst's Kryptogamen-Fl , 
Bd Vn. Teil I. mOh. p 416. fig 223, Allen and Cupp. Plank Diat Java 
Sea, 1935. p 115. fig 7 

Cells almost flat, black m colour Valves strongly silicificd and very 
striking, diameter 46-'[35/t. areolatcd. areoisc large more or less of the same 
size about 3 in lO/t but very near the edge 5 in 10/t. No central area or 
rosette Inner chamber openings clear Border of valve heavily striated 

Di^tnbutton--lt\ all the seas Also occurs in the Post*mioccnc of the 
Atlantic States and several other deposits (cf De Toni. 1891-94. p 1242). 

17 Coscmodtscas Granii Gough 
(Figs 33. 35 ard 39) 

Gran. Nord Plank . Boi Ted, Bd VTIT, 1908. p XIX 34, fig. 35, Lebour. 
PJwik Dmt N 1930, p 44, fig 20, Hustedt, Rabenhorst’s Xryptogamew- 
FI , Bd Vll. Tcil 1, 1930 fi. p 436, fig 237, Venkataraman, S L Diat , 
1939, p 300. fig 16 and 17 

Valves rounded, diameter 153-182/*, areolatcd Middle arcol® larger 
than the rest forming a sort of rosette. Areol® around rosette 4 m 10/*. 
Chamber openmgs clear Covering membrane poroid Two asymmetrical 
pore canals at the margin. Ceil in the girdle view wedge-shaped owing to 
the highest point of the valve being excentncally placed 
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Coscinodiscus Qranli Gough var aralensis (Ostenf ) Hustedt 
(Fig. 37) 

Differs from the type m having larger areolations 

Distribution —Frequent in autumn and winter m the region of South 
North Sea The variety seen m the Aral Sea and Caspian Sea Type also 
recorded from brackish water m Madras 

18 Coscmodiscus Jonesumus (Greville) Ostenfeld 
(Figs 42, 45 and 48) 

Hustedt, Rabenhorst^s Krvptoganun-FI , Bd VIT, Teil I, 1930 6, p 438, 
fig 239 * Alien and Cupp, Flank Dmt Java Sea, 1935, p 116, fig 10 

Eupjdiscus Jon^sioftus Greville, Oesenp Mew and Rare Diat 1862, 
Scr V, p 22, P. IT, fig 3, 

Coscmodiscus concinnus var, Jonesuma Rattray, Rexis Coscmodiscus, 
1888-89, p 532, DeToni. Sy// , Vol IT. 1891-^94. p 1257, Boyer, Syw 
N, Am Diat , 1926, p 55 

Coscmodiscus radiatu'i var Jonesiana Van Hcurck, Trait i dcs Dtatomies, 
1899, p 531 

Cells large, diameter 140-2 10 Areolae m the centre forming a rosette, 
4 in 10/*; further outside about 9 in 10/* Radial rows and spiral rows of 
areolte clear and so also the chamber openings Interstitial meshes, possibly 
spinula, fonning an irregular ring between the centre ard the margin 
Hyaline radial nbs running to the centre from small spmulse inside the 
margin Two large cone-shaped processes present near the margin about 
120’" apart 

Coscinodiscus Jonesianus (Greville) Ostenfcid 
var, commutata (Grun ) Kustedt 
(Figs. 43, 46 and 47) 

Differs from the type in the somewhat larger areolation, rosette not 
very clearly differentiated Iiterstitia) meshes present, but do not form 
regular ring. 

Distribution —Fure\y marine, confined to the warmer seas; probably 
occurs in the Mediterranean Variety frequently in the region of South 
North Sea, East Sea ard Caspian Sea 
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19 CosciHodUcus concmnuH W Smith 
(Figs 44, 50. 53, 54 and 56) 

W Smith, Syn Bnt Diat . VoK 11, 1856, p 85; Roper, N'otes on Brit. 
Afar Diai., 1858, PI III, fig. 12; Pntchard, Htst inf , 1861, p. 828, PI V, 
fig 89, Rattray, Revis Coscinodiscus, 1888-89, p 531, De Toni, Syll Alg., 
Vol n. 1891-94, p 1256; Gran, Nord Plant. Bot Ted. Bd. VIII, 1908, 
p XIX 33, fig 34; Boyer, Syn N Am Diat , 1926, p 55, Lebour, Plardt 
Dutt N Seas. 1930, p. 43, fig 19, Hustedt. Rabenhorbt^s Kryp(ogamen-Fl., 
Bd vm, Teil 1, 1930 6, p. 441, figs 241 and 242 

Coscinodiscus papuanus Castracane, Diat Chad , 1876, p. 154, PL III, 
fig. 3 

Coscinodiscus nobdis Grunow, Allen and Cupp, Plank Dws Java Seas. 
1935. p, 113, fig 13 

CsUs large, drum-shaped with slightly convex valves, thin walled and 
hyaline, diameter 210- 420 fx Areolation slender with a well difTerentmted 
rosette of large meshes. Surrounding areolse suddenly becoming smaller 
about 9-12 in 10/* at the centre and 12 in 10 near the margin. Chamber 
openings indistinct Radial and secondary senes regular Hyaline ribs 
runmng to the centre from distinct spinul® near the margin. Interstitial 
meshes existing here and there Two small asymmetrical processes clearly 
seen at an angle of about 120° apart 

Balsam preparations arc colourless and hence the structure could not 
be made out in these Therefore, the material was mounted in styrax 

Distribution —Marine, pelagic. Entire northern region of Europe, Java 
Sea, Vancouver, and Peruvian guano 

20 Coscinodiscus centralis Ehrenberg 
(Figs 49, 55, 58 and 59) 

Rattray, Revis. Coscinodiscus. 1888-89, p. 555, De Toni, SylL Alg., 
Vol n. 1891-94, p 1272, Van Heurck, Traiti des Diatomdes. 1899, p 527; 
Gran, Nord. Plank , Bot Ted . Bd. VIII, 1908, p XIX 33, fig 33; Boyer, 
Syn. N Am Diat . 1926, p 56; Lebour, Plank Diat. N Seas, 1930, p. 39, 
figs 16 a. 17 b. 18 6, Hustedt, Rabenhorst’s Kryptogamen-Fl . Bd Ml, Tcil 1, 
1930 6, p 444, fig 243 

CoscinodiscuM centralis var. Castracane, Diat. Chalk, 1876, p. 155, 

p. n, fig. 3. 
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Cells disc-shaped, valves convex. Diameter 196 /i. Valve areolated with 
a clear rosette, tn the middle part almost of same size 3 in 10/«, but farther 
out 6 in lO/i and at the margin 8 in Chamber openings clear Both 
radial and secondary spiral systems of areoiss present. Smalt spmulse in 
a ring behind the margin of the valve, 1 to 2 m lO/i. Two small asymmetncal 
processes present. Valve edge narrow and striated. 

D/s/riho/wwi.—Whole of North Atlantic region. In the Gulf Stream 
region during winter. In the Oran deposits, Algeria. 

21. Coscinodiscus perforatus var PaviIIarJi (Forti) Hustedt 
(Figs 52, 57 and 61) 

Hustedt, Rabenhorst’s Krvptogamen-Fl , Bd VIT, Teil, 1. 1930,6 p 447, 
fig 247 

Cells disc-shaped with slightly convex valves, diameter 145-170 p 
Valves largely areolated with a central rosette Areol® around the rosette 
3-5 in 10/i, towards the margin 3-4 in lOf* Both radial and secondary 
systems of areolation present Interstitial meshes few and not present before 
all radii. Valve margin striated, stnse 6 in 10 p Two asymmetrical pro- 
cesses present, but not very clear 

Distribution —So far recorded only from the Mediterranean 
22 Coscinodiscus apiculatus Ehrcnberg 
(Figs 51 and 60) 

Rattray, Revis Coscinodiscus, I8S8-89, p 570, De Tom, Syfi Afg . 
Vol. n, 1891-94, p. 1282; Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VTT, 
Tcil 1, 1930 6, p. 449, fig 248 

Cells disc-shaped, valves flat, diameter 21 7/x, Central area small with 
a rosette, Areolation large, areol® of almost same size 4 in 10/* around 
the rosette and 3 m 10/* near the margin Chamber openings clear Radial 
and secondary spiral senes present Valve margin small, striated, stria 
6 in 10/i. Two small indistinct asymmetncal processes present 

Distribution —In all the seas and in several deposits {cj De Toni, 
1891-94) 

23 Coscinodiscus Asteromphaius Elenberg 
(Figs. 62-65) 

Rattray, Revis, Coscinodiscus, 1888-89, p. 549; De Toni, Sylt Alg , 
Vol, U, 1891-94, p. 1268, Van Heurck, Traitt des Diatomdes, 1899. p 530, 
Ig. 277; Boyer, Syn, 67. Am, Diat,, 1926, p, 56; Hustedt, Rabenhorst*a 
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Tkxt-Fios 41 — Fig 41 Cosctnodtscus marglttatusEhrcnbcrg x710 Fig 42 C JoneMm* 
tua (Grevtlle) Ostenfeld X710 Fig 43 C Jonesianus var comtnutaia Huatedt x220« 
F% 44 C conctnnus W Smith a 53 Fig 45 C J<mesianus (Grevillc) Ostcnfdd, rosolli« 
X 930 Figs 46-47 C' Jonesianus var comnwtata Hustedt x 930 Fig 46, roMttg; 
47. Margin with process Fig 48 C Jonesianus (CreviUe) Ostenfeld Schematic represaatt* 
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tkm of ttructwt. x 710. Fig 49. C centrolis Ehmborg, rosette, x 930. Fig. 50. 
C. conelmuu W. South, roMCte. x 930 Fig. St C t^tculatus Ehreobetg, rosette, x 710. 
Fig. 92 C. w ArvtMeirigi (Porii) Hustedt, rosette x710 Pigs.53--$4 C^eoMetmuu 

W. Smith. Fig 53, structure mstde the mergln, x930, 54, margm, x930 Fig 35. C. cemraHi 
Ehreoberg, structure of valve, away from the centre Hg. 56 C co/icinHu» W. Smith, margin 
with process. x930 Fig 57 C p^rforatusyw FavUtardil (PotU) HMStndU x590. Figs 58-59 
C. cvn/mZ/r Ehienberg. Margin of the valve. x930 Pig 60 C (tpletdatus Ehraabetg x<460. 
Fig, 61. C. p^rforatus var FavUIardU (Forti) Hustedt Margin x710 

Kryptogamen-Fl , Bd VII. Teil 1. 1930 p 452, fig 250; Allen and Cupp, 
Plank. Diat Java Sea, 1935, p. 119. fig 14 

Cells disc^haped, valves depressed in the middle, diameter 200-210/«, 
Valve areolated, areolse in radial rows. A large rosette in the centre widi 
or without a clear area at its centre Areolie polygonal, almost alt of same 
size, 3 to 4 m 10 /i At the margin slightly sm^Ier. Chamber openings 
clear. Outer membrane clearly punctate, punctao 25 in lOfi. Asymme<» 
trical processes small. Mar^n striated, stn» 7 in 10 

In some specimens ihere appeared a disturbance of the rosette (Figs« 
64-65) 

Di5tributi0n.--\n all seas, not a rare form Also m several Miocene 
deposits. 


24 Coscinodiscus oculusdridis fihrenberg 
(Figs 66-68 and 72) 

Rattray, Revis Coscbwdiscus, 1888-89, p 559; Dt Tom, SylL Alg. 
Vol n, 1891-94, p 1275; Boyer, Syn. iV Am Diat, 1926, p 57, Hustedt, 
RabenhorsCs Kryptogamen-Fl., Bd Vll, Tcil 1, 1930 p 454, fig. 252; 
Allen and Cupp, Plank. Diat. Java Sea, 1935, p. 119, fig. 15. 

Cells disc-shaped, large, dark coloured and striking, diameter 160-170^. 
Areolation large with a central rosette which sometimes shows a small area, 
Areolft increase in size slightly towards the margin 3 in 10 ^ around the 
rosette, 2i in 10/4 still farther out and at the margm smaller, being 4-5 in 
10/4. Inner chamber openings clear. Radial and secondary spiral scries 
well expressed. Margin small radially striated, stnse 6 m 10/4. Two 
assymmetrical pore canals seen on careful examination. 

In the marine plankton of all seas Also recorded in 

fossils. 
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W. prm&aa (Janifdi) Hustedt Structure away from the centre x 710 Fi|a. 70-71 
C A. SchmkSt, central area x7]0 Pig 72. C orii/itf'^/jEhrenberg x460 Pig. 73. 
C ftEteif fiinnnberg var. prmtexta (lanlech) Huitedt x710 Few areobe near the centre. 
Fig. 74. C. JofdscMi A Schmidt^ margin x 710. Fig 75 C ocvlui-MiHs Ehrenberg var 
hcrMA^<Bafley) Oeve. x 710. 1^76-78. C Ehrenberg var (Jaitlech) Hueted^ 

Pig. 76. oeotial area x 710; 77, cell under low power, x 53; and 78. margin of the valve, x 710 

Coscmodiscus oculus^mdis Ehrenberg 
var borealis (Bailey) Clove 
(Fig 75) 

Rattray, Revis, Coscmodiscus, 1888-89. p 558; Hustedt, Rabenhorsi’i 
i&^foga»MW-F/. Bd. Vn, Teil 1. 1930 p 456, fig 253 

Coscinodiscus borealis Bailey, Hotice Micr. Forms, 1856. p 3; Tom. 
Syll Aig, Voi n. 1891-94, p. 1274 

DdTers from the type in having robust valves, larger areo]», 3 in 
10^ around the rosette and 2 to 2^ in lOfi near the margin. Diameter of 
valve 85fi 

Distribution -^Type in the marine plankton of all the seas; also re- 
corded in fossils. In the northern seas, in the southern regions rare 
fCamtschatka Sea, Behnng Sea. Hong Kong. Also from some fossil 
deposits. 

25 Coscbtodiscus gigas Ehrenberg 
var. pratexta (Janish) Hustedt 
(Figs 69, 73 and 76-78) 

Hustedt, Rabenhorst's Kryptogamen-FI„ Bd. VTI, Tcil I. 19306. p. 457, 
fig. 255 and 256 6; Allen and Cupp, Plank Dial, Java Sea, 1935, p. 120, 
figs. 16, 16 a, 16 6 

Cells disc-shaped, valves flat. Diameter 476-532 p. Central area 
large. AtcoUd very near the margin about 5 in lOp; then become large 
2 in lOp, forming a dark broad band. Towards the centre more delicate 
and hyaline, about 3 in 10/i and rounded Chamber openings distinct 
only near the periphery of the valve. Outer membrane in the marginal 
region punctate. Areolae arranged m radial and spiral systems. Two 
small asymmetrical processes at an angle of 120° present on the valve. 

JMrffAiiril 0 ii.--Pelagic, widely distributed in the southern seas, Medi- 
terranean Sea. Type found m fossils also. 
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26. Coscbiodiseus JmlsekU A. Schmidt 
(Figs 70, 71 and 74) 

Rattray, Revis. Cosclnodiscus, 1888-89, p. 543; Dc Tom, SvIL Alg,, 
Vo!, n, 1891-94, p. 1264; Hustedt, Rabenhorst’s Kryptogamen-FL, Bd. Vll, 
Tcil 1, 1930 b, p 459, fig 257, Allen and Cupp, Plank. Diat. Java Sea, 1935, 
p. 120, fig 17. 

Cells disc-shaped, wi^ almost flat valves, which are slightly concave 
in the centre, diameter 2l0p. Central area small. Areolse on a small 
marginal zone well marked and in the remaming slender, almost of same size 
4 in 10/a; but at the margin 2i in 10 /x. Chamber openmgs clear Valve 
margin small, striated Two pore canals placed asymmetrically, not very 
clc^r. 

Distribution —Only in warm regions In Europe only in the Medi* 
terranean 

TX Genus Planktoniella Schutt 
27 Planktoniella Sol (Wallich) Schutt 
(Figs. 79, 80 and 83) 

Rattray, Revis. Coscmodiscus, 1888-89, p. 466, Van Fieurck, Traitide$ 
Diatomies, 1899, p. 534, fig 280, Kirsten, Valdivian Expedn., 1907, p. 514, 
PI. XXXtX, figs. 1-1 1 ; Gran, Nord Plank , Bat , Tefi, Bd. Vltt, 1908, p XIX 
44, fig 48, Lebout, Plank Diat H Seas, 1930, p 50, PI I, fig 5; Hustedt, 
Rabenhorst’s Kryptogamen-Fl,, Bd Vlf, Teil I, 19306, p. 465, fig. 259; 
Allen ^nd Cupp, Plank Diat Java Sea, 1935, p 121, fig. 19 

Coscinodiscus Sol Walhch, Siliceous Organisms, 1860, p. 38, figs. 1 and 
2; DeTom,5y// X/g., Vol H, 1891-94, p 1212 

Planktoniella Woltereckii Schimpcr, Karsten, Valdivian Expedn , 1907, 
p. 157, Taf. XXVII, fig. 3. 

Cells disc-shaped with flat valves, diameter 67-71/x Valve surface 
areolated, areolse exactly arranged as those of Coscinodiscus excentritms. 
Areols 12 in lO/i Wmg-hke expansion all round the ceU, weakly silicifled 
and with radial rays 

Fig 80 shows a specimen of this genus with valves identical with that 
of the type described here but differing in the nature of the wing. Karsten 
(1907, PI XXXIX, fig 2) includes forms such as these under this species 
and says that they are developmental stages. Only one spedmen wa;^ 
seen by the writer. 
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DistrOnUhn . — Widely distributed in the plankton of the warmer seas, 
fii Europe only in the Mediterranean region. 

Family Actinodiscea 
Sulhfantily Actmoptychine® 

X Genus Aciinoptychus Ehrenberg 
28 Aciinoptychus undufatus (Bailey) Ralfs 
(Fig, 82) 

Pritchard's Hist Infusoria^ 1861, p 839, PI V, fig 88; Dc Tom. SylL 
Atg., Vol. II. 1891-94. p 1372; Van Heurck. Traitd des Diatomdes, 1899. 
p. 496. Pi. XXn. fig. 648 and text-fig 232. Gran. Nord Flank., Boi Teil, 
Bd, Vm. 1908. p XIX 42. fig 46; Boyer. Syn N. Am. Dial . J926. p. 64; 
Lebour. Pilonk Dial N Seas, 1930, p 51, fig 27; Hustcdt, Rabcnhorst’s 
Kryptogamen-Fl , Bd VII, Teil I, 1930 p. 475, fig 264, Allen and Cupp, 
Plank Diat Java Sea, 1935. p 121. fig 20 

Actmocyclus undulatus Bailey, Sketch of infusoria, etc . 1842, PI 11. 
fig. 11; KiUzing, Sp Alg , 1849, p 127, W Smith, Syn Brit Diat ,\o\ 1, 
1853, p, 25. PI, V, fig 43 

Cells disc-shaped with undulatmg valves, diameter 34-53 |i Valve 
with six sectors of the same size Central ana hexogonal. The raised 
sectors possess a short blunt process in the middle near the margin; the 
surface strongly areolated and punctate; arcol® 6 in 10 /i. more or less 
regular; punct® in radial and m oblique rows. 12 in lOfk Depressed 
sectors without process; arecl® not so prominent; instead a weakly 
differentiated net-work of lines Punctate. 

Distribution. — In the coastal region of all seas In the Mediterranean 
slightly more frequent than N Europe. Java seas Atlantic and Pacific 
coasts of America Miocene deposits of the eastern states. 

Sub-family Astcrolamprine® 

XI. Genus Asteromphalus Ehrenberg 
29. Asteron^habts flabeiiatus (Brebisson) Grcviilc 
(Figs. 81 and 85) 

GreviUe, Diat. Cal. Guano, 1859 6, p. 160, PI. VII. fig. 4. 5; De Toni, 
8ptt. Mg., Vol. n, 1891-94, p. 1414, Van Heurck, Traitd des Diatomdest 
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im. p. 304; B^ycr, Syn AT. Am. That.. 1926, p. 74; Hustedt, Rabcnhcrst*s 
Kryptogamen-Ft., Bd VII, Teil 1, 19306, p. 498, fig 279; Allen and Cupp, 
Fkmk. Dlat Java Sea. 1935, p 123, fig 22 

Asterolampra flabellata Grcviile, Mon. Genus Asterolampra. etc,, 1860, 
p. 116. 

Cells slightly convex. Valves ovate, long axis 38-61 p. short axis 32-54 #t. 
Middle field excentne. Sector lines of middle are unbranched. Hyalme 
rays 7 to 8. 1 5u wide; oie slightly narrower, reaching margin of the valve* 
Rays slightly curved. Border segments areolated m three lines system, 
areolae atK>ut 15 in 10m. 

Dlstribiaion.—lxi the Mediterranean. Campeche Bay and Java seas; 
Peruviaa guano, 

30. Asteromphalus Cleveanus Grunow 
(Figs. 84 and 88) 

Clcvc, Exjm. Dtat Sea of Java, 1873 <i, p, 5. PJ, 1, fig 1; Allen and 
Cupp, Plank. Diat Java Sea, 1935, p 123, fig 22 

Cells very sunilar to those of A flabeliatus Valves ovate, long axis 
68-79 M. short axis 56-58/*. Sector lines branched, hyalirc rays 11 to 12 
slightly curved. Segments 12 to 13. areolated as m A flabeliatus^ areolae 
12 in 

Distribution. — Java S^a. 

31. Asteromphalus Wyvillei Castracane 
(Fig.87, PI. II, fig. 4) 

Castracane, Diot Chall , 1876. p 134, PI V, fig. 6, Karsten, Valdi\4<m 
Fixpedn , 1907, p. 370, Pi. XXXVni, figs. 4 and 4a 

Cells round, diameter 70/*. Central area smaller compared to former 
species. Hyaline radii IS, more or less straight, 2 5/* broad; one consi- 
derably narrower. S.:ctor lines branched. Segments wedge-shaped, arco- 
lated in three lines system, areote 12 in 10/*. Chromatophores numerous 
small discs. 

The diatom is a very beautiful object under the microscope, especially 
in the living condition. 

Distr^tUm.^JndiSkn Ocean. 
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Family fiupodisces 
Sub^fiunily Pyrgodi&cincm 
Xn. Genus Gossierielia Schutt 
32. Gosstenella tropica Schutt 
(Fig 86) 

Schutt, Pflanzenfeb. d Hochsee, 1893, p. 20 Van Heurck, Traiti des 
Diatomies, 1899, p 513, fig. 265, Karsten, Valdnian Expedn , 1907, p 368 
Taf XL, figs 14-17, Hustedt, Rabcnhorsi’s Kryptogomen-fl , Bd \II, 
Teil 1. 1930 6, p 500, fig 280. 

Cells with fiat valves, diameter 182-196 /i. Valve surface appearing 
more or less structureless. Valve border with a ring of spines 28-57 f* 
long of which several arc striking owing to thicker sihcification ; the 
stronger ones bifid and swollen at the base and between two such several 
weaker spines are situated, Chromatophores numerous small discs 

Typical plankton form in the Mediterranean Sea, Indian 

Ocean. 

Sub-family Aulacodiscincae 
XIU. Genus Aulacodiscus Ehrenberg 
33. Aulacodiscus orbiculatus sp nov 
(Figs. 90, 91, 94 and 95) 

Cells disc-shaped, 74^1 14 in diameter. Valves without radial eleva- 
tions. Ground membrane of the valve closely areolatcd, areolae 6 in 10 
Areolae at the centre irregularly arranged, towards the border somewhat 
radial. In cleared preparations the central portion (a circular area of about 
J the diameter of Ae valve) whitish, the remaining portion appearmg brow- 
nish m colour. Three distinct processes on the valve, knob-hke, placed 
equally apart. A number of pore canals a little within the border 
Chromatophore several lobcd discs with a central pyrcnoid. 

This form m the living condition, shows an apparent resemblance to 
A, argus Ehrenberg but differs in the details of the structure. In A. argus, 
over the ground membrane of the valve there is a net-like structure with 
wide meshes which is not present in the specimens desenbed here. Again, 
the processes in A. argta are teat^haped whereas in the present form they 
are rounded and knob-like. 

Plankton of thi Madras coast, 
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OMe view. Fig 82 Actlitoptychuj utuiulatus (Rdiley) lUtf^ X 710 Pig 83 rianktoiiigUa 
Sd (Wallicfc) SchttW Structure of the valve, ^ 930 Fig 84 AsterompMus Ck¥eamis 
Orunow x460 Fig 85 Astetomphalus flabellatHs (Bribisaon) Groville Structure shown 
only in two of the segments y 930 Fig 86 Gosskriella tropica Schutt Xl50 Fig 87 
Astwrompkalus WyviUti Castracane > 460 Fig 88 A Clevcanius Grunow y 460 Fig 89. 
Actimfcycius Khrcftbergit Kadfn Cell m girdle view ^710 Figs 90^91 Au/acodtsem orbickiatm 
eprAOv. Pig 90, valve, X 325 Fig 9 1 , structure on valve, x 930 Fig 92 Actmocyclus Ehrenhergti 
lUlft* Structure of the girdle x930 Fig 93 Auiiscus scuiptus (W Smith) Ralfs Structure 
of ribs x7IO Figs 94, 95 Aulacodisewt orblculatus sp nov Fig 94, Girdle view of cell, 95, 
valve vmWp x 328 Fig 96 AcUnocyclus Fhrenbergil Ralfs Structure of a portion of the 
vahe, X 930. Fig 97 Aulucus sadptus (W. Smith) Ralfs x 7ia 

Sub-family fiupodiscmea; 

XIV Genus Auiiscus Ehrenberg 
34 Auiiscus sculp tus (W Smith) Ralfs 
(Figs 93 and 97, PI II, fig. 6) 

Pntchard. Hist Infusoria, 1861, p. 845, PI VI, fig 3, Grcville, Mon 
Genus Auiiscus, 1863 p 43, PI. II. figs 1-3, Rabenhorst. FI. Eu Alg , 
1864, pt. 1, p. 320, Rattray, Revis Aubscus, 1888, p, 23, De Tom, SylL 
Alg., Vol n, 1891-94, p. 1047; Van Heurck, TratU des Dmtomdes, 1899, 
p. 482, fig 215, PI. XXI, fig 6^; Hustedt, Rabenhorst’s Kryptogamen-FJ , 
Bd. Vn, TeiJ 1, 1930 6, p. 516, fig 290, 

Eupodiscus sculptus W Smith, Syn Brit Diat , Vol I, 1853, p. 25, 
Pi. IV, fig. 42. 

Cells disc-shaped with broadly elliptic valvar plane, long aus 46 short 
axis 41*5(*. Two hyaline eyes of 11 5/x in diameter opposite each other. 
Valves sculptured with strong radial ribs which become faint towards the 
centre Valves radially striated, stria 24 in 10 1 *. Central area hyaline, 
more or less oblong with round corners 

Dlsiribution.--in all the European seas particularly in the region of 
North Sea; West Indies, 


XV. Genus Actmocyclus Ehrenberg 
35 Actinocyclus Ehrenbergii Ralfs. 

(Figs. 89, 92 and 9Q 

Pntchard, Hist Infusoria, 1861, p 834; De Tom, Syll Alg , Vol. II, 
1891-94> p. 1177; Van Hcurck, Traiti des Diatomles, 1899, p 523, PI XXtll, 
1^. 659, Gran, Nord Plank , Bot Teil, Bd. VIII, p. XIX, 40, 1908; Boyer, 
Syn. N Am Diat, 1926, p 84; Lebour, Plank. Diat M Seas, 1930, p. S3, 
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Pi, 11, fig. 1; Hustedt, Rabcnhorst’s Kryptogamen-FL, Bd , VII, Tcil 1, 
1930*, p. 525, 298- 

Eupodiscus crtmtis W, Smith, Syn Bnt Diai , Vol I, 1853, p 24, PJ IV, 
fig. 41. 

Cells strongly sdicified, disc-shaped, slightly convex, 33-61 in diameter. 
Dark-brown in colour in mounts, with shades of green, blue and purple. 
Central area small, with scattered areolae Areolit in senes, dmd^ into 
structure-sectors by hyaline radial rays running from the centre to the mafgm 
to different lengths. Areola 9 m 10/*; under low magnjficaUon round, 
but under higher powers polygonal In the sub-margmal zone about 15 
m lO/A. A hyaline eye present. Valve margin finely striated, sln« scarcely 
visible. 

DistnbuUon,—lr\ all the European seas, near the coast, Atlantic and 
Pacific coasts of America Peruvian guano 

Sub-Order Solenoidbab 
Family Solenie® 

Sub-family Laudenineas 
XVT Genus Corethron Caslracane 
36 Corethron hystrix Hensen 
(Figs 99, 101 and 103) 

Hustedt, Rabenhorst’s Kryptogamen-FL Bd VU, Teil 1, 1930 6, p. 547, 
fig 311, Boyer, Svn N Am Diat , 1926, p 114 

Corethron eriophihtm Castracane, Diat Chall , p 85. PI XXI, figs. 12, 
14, 15; Dc Tom. Syll Ah , Vol 1C, 1891-94, p. 1006; Gran, Nord Plank., 
Bot Teih 1908, Bd Vin. p XIX 57, fig. 70, Lebour. Plank. Diat. Seas, 
1930, p 80, fig 54; Allen and Cupp. Plank Diat Java Sea, 1935, p. 123, 
fig. 24. 

Cells with cylindrical mantel face and semicitcuiarly bulged valves, 
36-58/* in diameter; weakly silicificd. The valve margin with a crown 
of long thin spines directed outwards, those of the two valves directed in 
the same duection. Chromatophores numerous, small and disc-shaped, 
distributed at the periphery. 

Pelagic in the region of the North Atlantic extending 
very much northi scattered. Java Seas. 
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37, Corethron merme Karslcn 
Karstcn, Valdivm Expedn,, 1907, p 104, Taf, Xni, fig 14 
(Fig 98) 

Cells with cylindrKdl mantel face and semicircular ly bulged valves of 
about 41 p diameter Weakly sihcified The valve margin with a crown of 
long thin spines directed outwards, those of the two valves directed in oppo- 
site directions Chromatophorcs many, small, disc-shaped, some lobed, 
placed peripherally 

Distribution — Pelagic in the warmer seas In Europe, scattered in the 
Mediterranean Sea 


XVII Genus Laudena Cleve 
38. Laudena annulata Cleve 
(Figs 100 and 102) 

Cleve, E’jcomn Diat Sea of Java, 1873 a. p 8, Castracane, Diat Chalt. 

1876, p 89, PI. VUI, fig 7, DeToni. Sy!i X/g, Vol U, 1891^94, 
p 771 ; Boyer, Syn. AT Am Diat , 1927, p 561 , Allen and Cupp, Piank, 
Dial Java Sea. 1935. p 124, fig 25. 

Laudena borealis Gran, Nord Plank , Bat Tetl , Bd VIII, 1908, p, 
XIX 23, fig 22; Van Heurck. Irani des Diatomies. 1899, p 418, fig. 136; 
Lebour, Plank Diat A Seas, 1930, p 66, fig 38, Hustedt, Rabcnhorsl’s 
Kryptogamm-Fl . Bd MI, Teil 1, 19306, p 549, fig 313 

Cells cylindrical, valves slightly convex with a depression in the middle* 
57“85fi in diameter, forming a straight chain, the raised portion of the 
valve touching the adjacent cell Valves with numerous short spines of 
varying length Intercalary bands many, collar-shaped Surface of cell 
delicately punctate, punctee 12 in lO/i 

Distribution ‘-‘Pda.gic in the coastal region of Europe, from the 
Mediterranean to North Norway ; Java. 

XMII Genus Schroederella Pavillard 
39. Schroederella delicatula (Peragallo) Pavillard 
(Fig 104) 

Hustedt, Rabenhorst’s Kryptogamen- flora. Bd MI, Tei! I, 1930 6, 
p, 551, fig. 314; Allen and Cupp, Plank Diat Java Sea. 1935, p 124 

Detonuh Schroederi Gran, Karstc i, VaUivtan Bxpedn . 1907, p 37S« 
TM, XU, fig. 21 ; Gran, Hard. PlanL, Bot Veil, Bd. Vm, 1908, p. 22, fig. 2h 
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OPeragatto) FaviQard. x 710. Pigi. I0S~107 QMltMotSa /hcckta (Cutracana) 
famgalla Fig 106, two odls, x329» 107, two cells with chromatopbores, x328 Fif. 105, 
a Cham, x73 

Cells cylindrical with more or less slightly convex valves, valves depress- 
ed in the middle; diameter 14-39/*. Cells bound in chains. Valves with 
a crown of spines. In the centre of each valve a spme-hke pore canal present. 

Finer structure on the valve could not be made out m the formalin 
matenal. 

Distribution.— Pccpondersitingly confined to the warmer seas Not 
rare in the Mediterranean Atlantic coast of France and Spam; Java 
and Indian ocean 


XIX Genus Leptocvlindrus Clcve 

40 Leptocylindrus dameus Cleve 

(Figs 109 and 110) 

Clcve, Plonk Cilico Diat , 1894-95, p 15. P II, figs 4, 5; De Toni, 
Syil Alg., Vol.n, 1891-94, p 822; Oran, ^ord Plank , Bot Teii Bd VXn, 
1908, p. XIX 24, fig. 24; Boyer, Syn. N Am Diat , 1927, p. 559; Lebour, 
Plank, Diat, N. Seas, 1930, p 77, fig 52; Hustedt. Rabenhorst’s Krypto- 
gamen^Fl , Bd VII. Teil 1, 1930 558, fig 319 

Cells cylindrical, 3-17/* in diameter and 9-89/* in length, forming 
long chains No structure visible on the valve. Chromatophores. nume- 
rous and disc-shaped 

Distribution— ^eniic in the European coast, particularly frequently 
m North Europe and Mediterranean 

41 Leptocylindrus minimus Gran 

(Fig. 108) 

Lebour, Flank. Diat N* Seas, 1930, p 78, fig. 52 c; Hustedt, Raben** 
hor$t*s Kryptogamen‘Fl , Bd VII, Teil 1, 1930 h, p, 560, fig. 321. 

Cells very small, 2 5/* m diameter and 26-29/* m length, forming 
chains. Chromatophores two, large and disc-shaped. 

Distribution —Davis Strait, KieL Flemish coast and English Channel. 
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Sub-fanuly Riuzosoleminv 
XX Genus Gmnardia Peragallo 
42 Gmnardia flacctda (Castracane) Peragallo 
(Fig. 105-107) 

De Tom, Syll. Alg . Vol. II, 1891-94, p 823; Van Hcurck, Traili da. 
DUdomia, 1899, p. 417, fig. 135; Boyer, Syn N Am. Dial., 1927, p 559; 
Lebour, Plank Dial. N, Seas, 1930, p 79, fig 53; Hustedt, Rabenfaorst's 
Kiyplogamen-Fl., Bd. VII, Teil 1, 1930 b, p 562, fig 322; Allen and Cupp, 
Plank, Dial Jam Sea, 1935, p 125, fig 28 

Shizosolenia flacctda Castracane, Dial Chall Expedn , 1876, p. 74, 
PI. XXIX, fig 4 

Cells cylindrical, diameter 32-64 /x, formuig long chains, at tunes, 
about 546 /X long; weakly silicified. Valve slightly concave. Intercalary 
bands numerous, coUar>like No visible sculpture on the valves. Cells 
breaking down m the preparations Chromatophores many lobed discs 
each disc showing a pyrenoid. 

Dirtribur/on.— Nentic. North Sea, Baltic Sea, Danish Sea, Skaggerak; 
North Atlantic, European and American; English Channel, Mediterranean, 
Java Seas. 


XXI Genus Rhizosolenia Ehrenberg 
A. SiMPUCBS 

43 Rhizosolenia cylindrus Cleve 
(Figs. Ill and 112) 

Karsten, Valdlvian Expedn., 1907, p. 376, Taf. XLH, fig 6. Oran, 
Sard. Plank , Bot. Teil, Bd VII, 1908, p. 49, fig. 56; Hustedt, Rabenhorst’a 
Kryptogamen-Fl , Bd , VII, Teil 1, 1930 b, p. 572, fig. 325; Allen and Cupp, 
Plank Dial Jam Sea, 1935, p 127, fig 30. 

Cells cylmdrical, diameter 23 n, with conical valves. Process large, 
somewhat bent. Cell-wall hyaline, structure difficult to make out. RitheBa 
inlMcellularis, a blue green, often found inside the cell. 

DiiirriburbNt —Inhabits warmer regions, Indian Ocean, Java Seas, 
California, Atlantic Ocean, 
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B Eurhizosoleniae 
Annulatab 
(a) Lauderioidea 

44. Rhizosolenia Siolterfothii H Pcragallo 
(Figs 113, 115 and 117) 

De Tom, Syll Al^ . Vol H, 1891-94. p 824, Van Keurck. Traiti des 
Diatomies, \m,pA\6, Keirsic\^,Valdman Expedn., 1907. p. 163, Taf XXIX. 
jBg.9; p 378,Taf.XLI,fig.3; Grain, Nord Flank , Bo t TeilBd VITI, J908. 
p XIX 49, fig 55; Boyer, Syn N Am Diat , 1927, p 558; Lebour, Plank. 
Dint N Seas, 1930, p 93, fig 66, Hubtedt, Rabenhorsl's Kryptogamen-fl , 
Bd. VII, Tcil 1. 1930 6. p 578. fig 329; Allen and Cupp. Flank Diat. 
Java Sea, 1935, p. 127, fig 29 

Eucampta striata Stolterfoth, New Sp of the Genus Eucampia. 1879, 
p 835. 

Cells cylindrical, 18-35 in diameter and up to 155fi in length with 
uniformly bent pervalvar axis, forming compact, spirally coiled chains. 
Valve with small spine which fits into a depression in the adjoining cell. 
Intercalary bands ring shaped, numerous, without any visible .structure. 
Cells weakly silicified. Chromatophorcs numerous, small, disc-shapcd. 

Distribution.-An the cosist of Europe from the Mediterranean to North 
Norway; North Atlantic, both European and American; California; 
and Indian Ocean 

(6) Robusta 

45 Rhizosoienia robusta Norman 
(Figs 118-120 and 124) 

Pritchard, Hist, Infusoria, 1861, p 866, PI VIII, fig 42; Castracane, 
Diat Chall , 1876, p. 73, PI. XXIV, fig 5 , De Tom, Syll Alg , Vol. II, 1891- 
94, p. 824; Karsten, Valdivtan Expedn , 1907, p 163, Taf XXTX. fig 10; 
Orau, Nord Flank., Bot. Ted, Bd VIII. 1908. p XIX 50. fig 57, Vatn 
Heurck, Trad i des Dtatomies, 1899, p. 414, PI XXXW, fig. 883, Boyer, 
Syn. N Am. Diat . 1926, p 99, Lebour. Plank Diat N Seas, 1930, p. 94, 
fig, 68; Hustedt, Rabenhorst’s Kryptogamen-FL, Bd VII, Tcil 1, 19306. 
p 578, fig. 31 ; Alien and Cupp, Flank Diat Java Sea, 1935, p 127, fig 31. 

Cells cylindrical, ui the middle part, with conical curved valves 53- 
266fi in diameter. Intercalary bands robust, many, collar-shaped. A 
spine set m the hollow apical process of the valve. Cell-wall thm. 
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fOh 32®* Ml, X 710, iPig U3 A StoiterfothU Peragallo x M5. Fig. lu, SL 

Brigbtwvit x 930. Structure of intercalary band Fig 115 R Stolter/othii 
Fecagallo. X328 Pig. 116. Jt. /m&ricero BfigbtwoH Xl50 Fig 117. R, StoUer/othii Pera- 
gaHo. X 80 Figs. 11M20 Jl. Norman Fig. 118, x 80, 119, x 220, 120, daughter 

Mil with otw pgrantal valve, x «0. Pigs. 1 21-123 A. /mlWca/tf Brightweli Figs 121 and 122, 
X 325, 123, ftructUTB, x 930 Fig. 124 R robusta Norman, x 220 Fig. 125, R styliformls 
Brlghtwett. X 220. Figs 126-129. R, siyHforntis \aiT /ong/rp/na Hustodt Figs 126,127, x 710, 
128, oett with RUhtiia, , 129, x460. 

easily breaking down ; very finely punctate, punctae in three line system 
crossing one amother. 

Distfibution*-^ti warmer seas more frequent In Europe common 
from the M.5diterranean to the English Channel; north Pacific coast of 
America. 

Gfnuinab 
(a) imhricatat 

46 Rhizosokma imbricaia Bnghtwell 
(Figs 116, 121-123) 

Brightwell, Remarks on the Genus Rhizosolenia, 1858 a, p 95, PI V, 
fig. 6; Pritchard, Htst Infusoria, 1861, p 865, Castrarane, Diat. Chall , 
1876, p. 73, PI. XXIV, fig 1 and I bis; Van Heurck, TraitS des Diatomies, 
1899, p 415, P) XXXin, fig 885, Dc Tom, Syll AJg . Vol II, 1891-94, 
p 828; Karsten, Valdivian Expedn , 1907, p 98, Taf XI. fig 3, Gran. 
Nord Pitmk , Bot Teil, Bd VII, 1908. p XIX, 52, fig 63; Hustedt, Rabcn- 
horst’s Kryptogamen^Fl , Bd VH, Ted 1 . 1930 6 , 580. fig 331, Allen and 
Cupp, Plank Diat Jam Sea, 1935, p 129, fig 35 

Cells cylindrical, 38-44 ix m diameter Intercalary bands numerous 
in two series. Apical process short and straight, base slightly enlarged with 
lateral wings at the base. CclUwall strong, clearly sculptured Inter- 
calary bands coarsely punctate-striated, stn«e running from central line in 
a fan-hke manner to sides, 15 in lO/x; punct® 30 m lOp. 

Distribution, — Maximum development in the warmer seas The 
Mediterranean. Java Seas 


(6) Styliformis 

47. Rhizosolenia styliformis Bnghtwell 
(Figs 114 and 125) 

Bnghtwell, Remarks on the Genus Rhizosolenia, 1858 a,p 95. PI. V, fig 
5</; Dc Tom, Syli Alg , Vol, IT, 1891-94, p. 826, Van Heurck, Tratti des 

&1 
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Dlatomies, 1899, p. 41S, PI. XVII, fig. 601; Karsten, VaMivim Expedu., 
1907, p. 96. Taf. X. fig. 5; Gran. Hord Plank., Bot. Tell, Bd. YIH. 1908. 
p. S4, fig. 65; Boyer, Syn. N. Am. Diat , 1926, p. 99; Lebour, Plank DIat. 
N. Seas, 1930, p. 98, fig. 71; Hustedt. Rabenhorst’s Krypsogamat^Fl , 
Bd. VII, TeU 1. 19306, p 584, fig 333; Allen and Cupp. P/aiit. Diat. Jam 
Sea. 1935, p. 130, fig. 39. 

Cells cylindrical, diameter 23-98 /i and up to 392 /t length. Intercalary 
bands scale like in two rows, scales alternating with each other; punctate, 
punctss about 20 rows in 10 Process more or less long, hollow. The 
wings not clearly visible. Often, the bluc>green alga Richelia Mraeellularls 
found inside. 

Rhizosolenia styllformls Brightwell 
var. longispina Hustedt 
(Figs. 126-129) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd. VII, Teil 1, 1930 6, p. 586, 
fig 334; Allen and Cupp, Plank Diat Jam Sea, 1935, p 130, fig. 39. 

Differs from the type in its longer apical process ending in long spines. 
The base of the process thinned Puncte 25 rows in 10/*. Diameter of 
cell 54/*. 

Rhizosolenia styliformis Bnghtwell 
var. latissima Brightwell 
(Figs 130-132 and 143) 

Brightwell, Remarks on the Genus Rhizosolenia, 1858 a, p. 95, PI. 
V, fig. 5c; Hustedt, Rabenhorst’s Kryptogamen-Fl, Bd. VH, Teil, 1, 
1930 6, p. 586, fig 335; Allen and Cupp, Plank. Diat. Jam Sea, 1935, 
p. 130, fig. 40. 

Rhizosolenia polydaetyla Castracane, Diat Chall , 1876, p 71, PI. 
XXIV. fig 2; De Tom, Syll. Alg., Vol U, 1891-94, p. 827. 

Larger than the type, diameter 88-99/*, length 448-1190/*. Intbr* 
catary bands flat, punctate, puncta 12 in 10/*. 

Distribution,— In the plankton of the European seas, particularly 
m the northern regions in quantities ; Vancouver, California, West Indies, 
Antarctic, coast of Barbados, Java seas 
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48. Rhizosolenia setigera Bnghtwell ' 

(Figs 137, 140 and 142) 

Bnghtwell, Remarks on the Genus Rhizosolenia, 1858 a, p 95, PI V, 
fig, 7; De Tom, Syll Alg , Vo! TI, 1891-94, p. 827; Van Heurck, Traitd des 
Diatomies, 1899, p. 414, PI. XVII, fig 602, Gran, l^ord Plank , Rot Tell, 
Bd. VIU, 1908, p XTX 53, fig. 64; Boyer, Syn N Am Diat , 1926, p 100, 
Lebour, Plank Dlat N. Seas, 1930, p 98; fig 70, Husledt, Rabenhor&tV 
Kryotogamen~Fl,,'Bd, VIT, Ted 1, 1930 p 588, fig 336, Allen and Cupp, 
Pbmk Diat Java Sea, 1935, p, 129, fig. 37 

Rhizosolenia Japonica Castracane, Dtai Chall , 1876, p. 72, PJ XXIIl, 
fig. 7. 

CeUs rod-shaped, cylindrical, 8 3/* in diameter and up to 518/i in 
length. Valves conical but slightly oblique Apical process long, hollow 
to some distance and ending in a long spine Intercalary bands scalc-likc, 
punct» 18 rows in 10/*. 

Distribution,-^ln the European seas, particularly in the northern coast; 
Vancouver, California, Java Seas 

49. Rhizosolenia hebetata (Bailey) Gran 
var semispina (Hensen) Gran 

(Figs 133-135 and 136) 

Gran, Nord. Plank, Bot, Tell, Bd. Vni, 1908, p XIX 55, fig 67b; 
Boyer, Syn, N, Am Diat„ 1926, p. 100 ; Lebour, Plank Diat, N Seas, 
1930, p. 99, fig, 73 a; Hustedt, Rabenhorst’s Kryptogamen’Fl , Bd, VII, 
Tcil 1, 1930 b, p. 592, fig. 338; Allen and Cupp, Plank Diat Java Sea, 
1935, p. 131, fig. 42. 

CeUs longitudinally drawn out, length 224-560/*, diameter 6-14/*. 
Process long hollow at the base, ending in a long spine. Intercalary bands 
scalc-like, pointed towards the apex, punctate, punctw 18-24 in 10*/ The 
blue green, Richelia intracellularis often found inside the cell. 

D&tr/biit/brt,— Arctic seas. East Greenland Sea, all parts of North 
Sea, Baltic, Skaggerak, English Channel, Belgian coast, Mediterranean, 
California, Antarctic. 

50. Rhizosolenia crassispina Schroeder 

(Figs, 138 and 139) 

Schroeder, Beitr&ge zur Kenntnis des Phytoplanktons warmer Meere, 
1906, p, 345, figs. 5a,b,c. 
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R. Subrahmanyan 



Ttocr-Fros 130-147 —Figj. 130-132. J? styi(formis\$x /a//fWma BrIghlweU Fi$. 130, Xl30; 
rigs 131, 132, X 325 Figs. 133-135 H heheiata (Baii^) Gran var semhpitm (Henm) 
Onm. Fig. 133, one end of cell with RkhelUt inside, x 460, Fig. 134, end of a daughter cell. 
x460; Fig. 135, x930 Fig. 136 Jt, hebetatawBx semtjpina (Hensen) Omn. x460. Fig. 137. 
A. utfgera Bnghtwell x710. Figs 13S-139. cratsiMpina Schroder. xl50. Fig. 140. 
if. S0tlg9ra BHgbtweU x930. Fig. 141. JR aUua BrightWl. Auxoipoie. x55. Hg. 142. 
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it 0 ettg€f 0 Briglitwelt. x 150 Fig. ]43. R* slyliformh var htbsima BnghtweU Stnicturo 
of iotemlaiy band, x 930 Fig 144. R alata f. iiuiica (Peragallo) Ostenfeld. Ffgt 
145. 146 R o/a/a Brightwdl Fig 145. x55. Fig. 146. xlSO. Fig. 147. R alata ( gracUHrm 
(deve) Orunow. x7I0. 

Cells cylindrical, straight, 42- 51 ft broad Valves tapering Spires 
slightly constricted at the base, then broadened and then drawn out into 
a long hair-like process No visible structure on the valve or girdle 
Chromatophorcs numerous and disc-shaped . 

Pacific Ocean 


(c) Alata 

51 Rhizosolenla alata Bright well 
(Fig^ 141. 145 and 146) 

Brightwcll, Remarks on the Genus Rhtzosofema, I858«, p 96, PI V, 
fig 8. DeToni, Syll AIr .\o\ 11, 1891-94, p 830. Van Heurck, Traiti 
des DiatomSes, 1899, p 416, PI XXXIIT, figs 887, 888. Gran, Nord 
Plank. Sot Ted. Bd VIH, 1908, p XIX 56, fig 68, Boyer, 5>7i N Am 
Dlat . 1926, p 100, fig 101; Lebour Plank Diat N Seas. 1930, p 88, 
fig. 60; Hustedt, RabenhorstS Kryptogumen-Ff , Bd VTl, Teil I. 1930 6, 
p, 600, fig 344; /Vilen and Cupp, Plank Diat Java Sea. 1935, p 131, 
fig 43 

Cells rod-shaped, cylindrical, 7-29/* m diameter ard up to 644/* m 
length. Valves shortly conical, ending in a tube-likc more or less curved 
process; a small depression at the base of the tube into which the apex 
of the adjoining cell, if any, fits Intercalary bands scale-like, in two 
rows, no sculpturing visible on them, 

Auxospores were observed 

Rhizosolenia alata Brightwcll forma gracillma (Clcvc) Grunow 
(Fig. 147) 

Grm, Nord. Plank,. Bot Teil. Bd VIH, 1908, p XIX 56, fig 68, d, 
Hustedt, $Vs Kryptogamen-Fl . Bd , Vll, Teil 1, 1930 6, p 601, 

fig. 345; Allen and Cupp, Plank, Diat Java Sea. 1935, p 131, fig 44 

Rhizosolenia (alata var 7) gractllima Ckve. On New and little known 
Diaioms. 1881, p. 26, P' IV, fig 78 

Rhizosolenia alata var. gracillma (Cleve) Van Heurck, De Tom, 
Syli Alg.. Vol. II, 1891-94, p, 830, 
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R. Sulnrahtiumyan 



TDCr-Fnt 148-1«0.— Pigl. 148-149. X. tJata t. InOea (PtngaUo) OMoMd Fig. 148. X22Q; 
ng 149, x325 Flgi. 150-1J2. X. alata f liiermis (Cutncane) x}25. Figi. 15M$4. 
jl Castracmi var< nov, Fifr 133, X 40; 154, x 53. Pig. 155. Jt. uhta f. imtka (Poraggllo) 
Ottenfeld x325. Flgi. 156-ltiO. Jt Castmauiei v«r. nov Fig, 156, ftructuro of uMraOwy 
bwkd. 159, note mWto. Fig. 156, x 930; 157, x325; 158, Xl50; 159* X215; 160, xl50. 
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Differs from the species m being very narrow, diameter 7#* or less, 
otherwise same. 

Kkitosolenia alata Brightwell forma indica (Pcragallo) Ostcnfcld 
(Figs, 144, 148, 149 and 155) 

Gran, Nord. Flank , Bot Tell, Bd YIU. 1908, p. 56; Karstcn, Valdivian 
Expech., 1907, p. 381, Taf XLI, fig 7; Hustedt, Rabcnhorst’s Krypto* 
gantep-FL, Bd. Teil 1, 1930 A, p 602, fig. 346, Allen and Cupp, Plank 
Dkd. Java Sea, 1935, p 131, fig. 45. 

Differs from the species in its larger diameter, 33- 11 1 Process very 
striking curved. Intercalary bands variable. 

Rhizosolenia alata Brightwell forma tnermls (Castracane) Hustedt 
(Figs. 150, 151 and 152) 

Hustedt, Rabenhorsi’s , Bd, Vn, TeiJ 1, 19306 p 602, 

fig. 348. 

Rhizosolenia inermis Castracane, Plat, ChalL, 1876, p. 71, PI. XXIV, 
figs 7, 8, 10 and 13 

Rhizosolenia ohtusa Hensen, Gran, Nord Flank , Bot Toil Bd. Vin, 
1908, p. XIX 56, fig 69 

Similar to type, but with intercalary bands scalc-Iike, scales kcci- 
shaped. Diameter of cell 15^ 19 p 

Distribution —In the Plankton of all seas, the larger form f. mdtea 
and the forms with strongly bent valves occur m the warmer seas; Medi- 
terranean in Europe; those with bent and sharp valve*!, eg., f. inermts m 
the colder seas. 

Squamosab 

52. Rhizosolenia Castracanei Pcragallo var. rhomboidea var. nov. 

(Figs. 153, 154 and 156-160) 

Cells cylindrical, 126-210ft m diameter and 700-910^ m length. 
Intercalary bands arranged m several pervalvar senes, scale like, rhom- 
boidal to almost square m outline at the centre of the cell, sides slightly 
wavy. Calyptras flat, somewhat obliquely cone-shaped, with very clear 
impression of the sister valve Process short, rather blunt, at the base 
with weakly differentiated ears. Cell-wail thm, sculpturing finer than in 
the type. Intercalary bands arcolate-punctate, punctas 20-24 in 10/*, 
arranged in three senes system. 
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prinetps (Cutticaiw) tkul End cell, valva vi«w. x325 Fig 166. B. kypibuun Laodar. 
X 85. Fig. 167 S hyalinum{1) L&uder k 460 Fig 168 B hyaOnum var, prtfiefp$ 
(Cftstracane) Ikari. x321 Fig 160 B hyaliaum Lauder. Cells showing contenU. x460. 

The present form resembles the species m almost all respects except 
in the shape and structure of the intercalary bards The intercalary bands 
m this arc rhomboidal to almost square m outline, whereas in the type 
they arc somewhat compressed The areolation in the pretert form is 
finer than in the type, there being 20-24 punciae in lOp, whereas in the type 
there arc only 9- 10 in lOfc 

Distribution —Plankton of the Madras Coast. 

Sub-order BiDDULFHloroEAE 
Family Chaetocenie 
XXn Genus Bactermtnmi Sbadbolt 

ISOMORPHA 

53 Bacterlastrum delicatulum Clcvc 

(Ftgs 161-163) 

Gran, Nord Plank., Bot Ted, Bd. YITI. 1908, p XtX 58, fig 72; Boyer, 
Syn N. Am Dtat , 1927, p. 560, Labour, Plank Diat N Seas, 1930, p 82, 
fig. 55; Hustedt, Rabenhorsi’s Kryptogamen-Fl , Bd VII, Teil 1, 1930 
p. 612. fig . 353, Allen and Cupp, Plank Diat Java Sea 1935, p 132, fig 46. 

Bacterlastrum curvatum Shadbolt, New Forms of Diat , 1854 p 14, 
PI I. fig. 2. 

S(u:teriwitnm furcaium Shadbolt, ibid, PL I, fig 1 7 

Cells longer than broad Set© 8, perpendicular to chain axis, basal 
part long Apertures large Terminal set© bent over the chain. Diameter 
of cell llfi. 

Distribution — In the Atlantic and neighbouring seas; Mediterranean, 
La Jolla, California 

54 Bacteriastrum hyaiinum Lauder 

(Figs 164. 166, 167, 169 ard 173) 

Lauder, On new Diatoms, 1864 a, p 6, PI III, fig 3; Lebour, Plank 
Diat. N. Seas, 1930, p. 83, fig 56, Hustedt, Rabenhorst’s Kryptogamen-Fi , 
Bd VII, Tctl 1. 1930 6. p 615, fig 354, Allen and Cupp, Plank. Diat, 
Java Sea, 1935, p 132, fig. 47 
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Cells flat, broader than long, diameter 37/** Setae numerous (24), basal 
part short. Terminal set« bent over chain axis. 

Bacteriastrum kyallntm Lauder 
var. princeps (Castracane) Ikan 
tFigs. 165 and 168) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil 1. 1930 6, 
p. 615, fig. 355 

Bacteriastrum varians var princeps Castracane, Diat Chali , 1876, 
p. 84. PI. XIV. fig 2; PI XXIX, fig 3. 

Differs from the species in the strong spirally twisted nature of the 
spines of the inner cells of the chain Diameter of cells 18-29 p. 

Distribution.^ln the north Atlantic ocean, frequent on the northern 
coast of middle Europe; Mediterranean; var. prmceps only in the warmer 
seas, Mediteranean in Europe. 

55 Bacteriastrum varians Lauder 
(Figs. 170-172 and 175) 

Lauder. On New Diatom, \^64a, p 8, P) III, figs 1-6, Karsten, 
Vaidivian Expedn , 1907, p 170, Taf XXXTV, figs 1, la, Hustedt, Raben* 
horst*s Kryptogamen-Fl , Bd. VTI, Teil 1, 1930 6, p 616, fig 356; Allen and 
Cupp, Piank Diat Java Sea, 1935, p 133, fig. 48. 

Bacteriastrwn furcatum Shadboll, New Forms of Diat , 1854 a, p 14; 
Boyer, Syn, N. Am Diat , 1926, p 114 

Chatoceros (Bacteriastrum) varums Van Heurck, TraiU des Diatomies, 
1899, p. 422, PI XVin, fig 605 

Cells 12-37 p in diameter Set® 8 to 19, at right angles to the chain 
axis Terminal set® with fine spines arranged in spiral rows. 

Auxospores were observed 

Distribution, — Only m the warmer seas, not m Europe. 

Sagitta 

56 Bacteriastrum elegans Pavillard 
(Fig. 174) 

Hustedt. Rabenhorst’s Kryptogamen-Fl , Bd Vtl, Teil 1, 19306, 
p. 621, fig. 360. 
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R. Subrahmanyan 

Cells cylindrical, 10^21 /i m diameter, forming many celled chains 
with more or less clear apertures Inner spines perpendicular to the 
chain axis with short basal part Outer valve asymmetrical and unlike 
others owing to the presence of a clear nng-hke furrow. Processes of 
posterior valve directed m such a way that they enclose a bell-shaped space. 
Processes robust with spirally arranged minute spines. 

Disiribuiton — Pelagic in the Mediterranejin region 
57 Bacteriastrum cosmosum Pavillard 
(Figs. 176-178) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd. VII, Teil 1, 1930 ft, p. 622, 
fig 361; Allen and Cupp, Plank Diat Java Sea. 1935, p. 133, fig. 50 

Cells cylindrical, 9-19/* in diameter, forming long chains with more 
or less wide apertures Inner set® with short basal part perperdicular to 
the chain axis , at bifurcation bent towards posterior end of the chain and 
parallel to the chain axis Anterior terminal set® curved and directed 
towards the posterior, with spirally arranged spines Posterior terminal 
set® thicker than others Set® 6-11 End valves of both anterior and 
posterior terminal cells with a deep furrow 

Distribution — Mediterranean and Java Sea 

XXllI. Genus Chatoccros Ehrenberg 
Sub-genus Phaoceros Gran 

Bore alia 

58 Chatoccros Eibenii Griinow 
(Figs 179-181) 

Lebour, Plank Diat N Seas, 1930, p 116, fig 82; Hustedt, Raben- 
horst’s Kryptogamen^Fl , Bd , VII, Tcil 1, 1930 ft, p 653, fig 369; Allen and 
Cupp, Plank Diat Java Sea, 1935, p 135, fig 51 

Chatoccros paradoxus var, Eibenii Van Heurck, Traiti des Diatom^s, 
1899, p 422, PI XXXV, fig 916 

Cells cylindrical forming straight chains, 32-50/* m diameter. Aper- 
tures elliptical. Tiny spine at the centre of the vajve Set® arring from the 
inner valve surface, base of set® short Chromatophores numerous, disc- 
shaped, distributed in the cell and also in the set®. 

Distribution. — Coastal plankton of Europe, Japanese Sea ard Java 

Sea, 
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59- Chaioceros coarctatus Lauder 
(Figs 182-^187) 

Uuder, Diat Hong Kong, 1864 6, p 79, PI VIII, fig 8; Clevc, Diat 
Sea of Java, 1873 a, p 9, PI II, ag 10a. b. c, De Toai, Syll Alg., VoK IL 
1891-94, p- 996; Karsten, Valdivian Expecbi . 1907, Taf XXXI, fig 3; 
Gran , Nord Plank, Bot. Ted, Bd Vtll, 1908, p. XIX 68, ag 80; Boyer, 
Syn. N Am Diat , 1926, p 113, Lebour, Plank Diat N Seas, 1930, p. 119, 
ag, 55; Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd , VJl, Ted, 1, 
19303, p. 655, ag 370; Alien and Cupp, Plank Diat Java Sea, 1935, 
p. 135, ag 52 

Cells cylindrical with elliptical valvar plane, apical axis 35-49#* m length, 
cdla united m straight chains which have a very robust appearance Mantle 
with deep, clear, nng-like furrow. Outer setae of the end cells different. 
Posterior terminal setae much thicker than the rest, ridged with minute 
spines; anterior ones less robust, spined and curved towards posterior end. 
Inner set® resembling the anterior ones. Chroraatophorcs numerous, 
disc-shaped. 

A member of the Voriicettce is usually seen attached to the cells on the 
outside. 

Distribution —Preponderating in tropica! waters, in Europe only ir the 
Mediterranean, Northern hmit is about 47® N latitude. 

60 Chaioceros denticulatum Lavder 
(Figs 188-190) 

Lauder, Diat Hong Kong, 1864 6, p 79. Pi VJII, fig 9, DeToni, 5y// 
Alg , Vol. U, 1891-94, p 995; Allen and Cupp, Plank Diat Java Sea, 
1935, p 135, fig 53, 

Cells cylindrical forming straight chains Apical axis 21-32#* Aper 
turcs small, vertically rhombic, Base of seta directed almost vertically, 
with a small tooth on the inner side Set® spinous and striated. A very 
small spine present at the centre of the valve 

/)bfrf6jrf ton.— Hong Kong and Java Sea. 

61. Chatoceros peruvianus Bnghtwell 
(Figs 191-196) 

Bnghtwell, On filamentous and long^horned Diat , 1856 a, p 107, PI VII, 
figs, 16-18; Further observ Triceraiium and Chatoceros, 1858 6. PI VIII, 
figs. 9 and 10; De Toni, Syll Alg , Vol. II, 1891-94, p 991; Gran, Nord, 
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fbmk , Bot Teil Bd. YHI, 190S, p XIX 70, fig. 84; Boyer, Syn, N. Am. 
Diat , 1926, p. 106; Hustedt, Rabenhorst's Kryptogamen-Fl , Bd. VTI, 
Teil 1, 19303. p. 671, lig. 380; Allen and Cupp, Flank Diat Java Sea, 
1935. p. 136. fig. 56 

Cells single, very rarely forming chains of two or three cells Apical 
axis 9-31 /i in length Valves dissimilar The upper rounded, the lower 
flat; both with equally developed valve-mantle whose height vanes extra- 
ordinarily. Set® of upper valve starting from near the centre of the valve, 
after short basal part turning sharply and runnirg backward m wide out- 
wardly convex curves; at the end more or less divergent to convergent. 
Set® of lower valve starting near the margin, slightly convex towards out- 
side and then running almost parallel to the pervalvar axi^ Set® strong, 
four cornered, spined and striated, stn® 18- 25 in 10 /a. Chromatophores 
numerous, small and disc-shaped present in the set® also. 

Chatoceros peruvianas BnghtwcU 
forma robusta (Clevc) Hustedt 
(Figs 200 and 201) 

Hustedt, RnbenhorsV s Kryptogamen-FL, Bd VII, Teil 1, 19303, p 673, 
fig. 381 a; Allen and Cupp, Flank Diat Java Sea, 1935, p. 137, fig. 57 

Cheetoceros peruvkmus vac robutsa Clevc, Diat Sea of Java, 1873 j, 
p. 9, PI. n, fig. 8 

Differs from the type m possessing very robust set® which arc more 
closely spined than in the type. 

Distribution.— Axx the wanner seas widely distributed ; in Europe in the 
Mediterranean. Atlantic and Pacific oceans, Java Sea; Peruvian guano. 

Sub-genus tfyahehate 

Dicladia 

62. Chatoceros Lorenzianus Grunow 
(Figs. 198-199. 202-204. 206-209) 

De Toni. Syll Alg . VoL 11, 1891-94, p. 994; Gran, Nord. Flank , Bot 
Teil Bd. VHl. 1908, p. XIX. 76, fig 90, Boyer, Syn V Am, Diat, 1927. 
p, 561; Lebour, P/onk Diat, AT Seas, 1930, p 128, fig. 93; Hustedt, 
Rabenhorsi*s Kryptogamen-Fl , Bd. VII, Tcil 1, 1930 3, p 679, fig. 385; 
Allen and Cupp. Plank. DkU. Java Sea, 1935, p, 137, fig 58. 
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Ckvt.) HuModi Pit. 200, x4«0. 201, x930 Hti. 202-204. CA. LowUam Oraiww. 
202* bate; and 203, 4uUl end , 204, cell m valve view, x 930. Pig. 203. CK indicus «p oov. 
X 930- Pigs 206-209 Ch Lor^/ttioniw Orunow Fig. 206, 207 and 209, x 710, 208, x 220. 
Pig- 210 Ch ludicua sp> nov. x 215 

Chmtoceros celMosus Lauder, Dmt Hong Kmg, 1864 6, p 78, PI. Vni, 
fig. 12. 

Cells of apical axis 16-58 ft long, forming straight chains. Apertures 
of varying sizes Setae springing from the corners with a very short basal 
part. Terminal setae thicker and somewhat shorter than the others, 
slightly diverging at the base and then running parallel to the chain axis. 
SeUe four-sided, punctate-arcolate, punctae of neighbouring faces alter- 
nating with each other. Resting spore with processes only on one valve 
which sprmg near the centre of the valve; the other valve somewhat 
bilobed. 

In the figure given by Hustedt the processes of the resting spore spring 
more towards the sides of one of the valves and the other valve is not so 
clearly bilobcd Probably the resting spores observed here arc not mature 

Duttribution.-'-lTi the warmer seas widely distributed in the coastal 
plankton* m Europe common along the coast of south Europe, in the 
Mediterranean common. Sparsely distributed along the north coast of 
middle Europe; La Jolla, Java Sea 

63 Chmtoceros mdicus sp nov 
(Figs 197, 205 and 210) 

Cells forming straight chams, apical axis measuring 18-26/*. Aper- 
tures of varying sizes, setic springing from the corners with nunutc spines 
spirally arranged on them 

The cells resemble C/r. Lorenzianus in their broad girdle view but 
arc Madgeburgh-spherc-shaped in their narrow girdle view Again, the 
setse have mmute spines spirally arranged on them as in Ch. Eibenii and 
Ch. Lauderi unlike m Ch. Lorenzianus where they are areolatc-punctatc. 

Distribution — Plankton of the Madras coast. 

Cylindrica 

64 Chmtoceros Louden Ralfs 
(Figs 211-213, PI U, fig 3) 

Ralfs, in Lauder, Remarks on Marrine Diatomacems etc , 1864, p, 77, 
PL VJTI, figs. 3 and 4, De Tom, Syll Alg , Vol II, 1891-94, p. 995; 



134 


R, Subrahtiumyan 

Lebour, ?kmk. Diat. N. Sea, 1930* p. 131* fig. 95; Hustedt* Raben« 
horst^g Kryptogamen-Fl , Bd. Ml, Tcil 1, 1930 p. 683* fig. 387; AUen 
Cupp* Flank, Diat Java Sea, 1935, p 138, fig 59. 

Chatoceros Weissftogii Schutt* Gran, Nord Plank , Bot. Tell, Bd VIH* 
1908, p, XIX 77, fig 92 

Cells cyluvdncal, valves almost round* tender, forming chains apical 
axis 16-29 /i. Apertures narrow and clltpiical. Sets with small spmes 
arranged spirally. Rjsting spores with strongly curved primary valve, 
spinous on the upper part and with numerous needle-hke processes at 
the margin 

Distribution —Mauily in the warmer seas, in Europe in the southern 
part of North S;a* Skaggerak, Baltic, English Channel, Belgium coast, 
Java Sea 

Compressa 

65 Cfi(rtoceras compressus Lauder 

(Figs. 218) 

Lauder, Diat Hong Kong, 1864 6, p. 78, PI. VllI, fig 6; Boyer, Syn, 
N Am Diat, 1927, p 561, Lebour, Plank Diat N Seas, 1930, p. 132, 
fig. 96, Hustedi. Rabenhorst’s Kryptogamen-Fl , Bd VH, Teil 1, 19306, 
p 684, fig 388 : Allen and Cupp. Plank Diat Java Sea, 1935, p. 138, fig 60. 

Chatoceros contortum Schu t. Gran, Nord Plank , Bot Teil, Bd. Mil, 
1908, p XIX 78, fig 93 

Cells forming long chains, apical axis 7 5-18^ in length. Apertures 
somewhat wide, sometimes a mere slit The seta of some cells m a chain 
more robust, thickened and bent to run parallel to the chain axis. Sctlt 
slightly twisted spinlly, spinous The other setse thin. Chromatophores 
many, disc-shaped 

Distribution,-~Wtry common in all European seas, from the tropics to 
the Polar seas ; Hong Kong, California, Indian Ocean and Java Sea. 

Ptotubetantia 

66 Chaetoceros didymus E^rcnberg 

(Figs 214 and 215) 

Dc Tom, 5y// Alg , Vol 11, l891-'94, p. 997; Grar, Nord, Plank , BoL 
Tell, 1908, p XIX 79, fig 94; Boyer, Syn, N Am, Diat , 1926, p. 107; 
Lebour, Plank, Diat, N, Seas, 1930, p. 133, fig. 97; Hustedt, Rabenhorst^s 
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Krypto^amen-Fl, Bd VIII, Tcil 1, 1930 p 688, fig. 390; Allen and Cupp, 
Flank Dial, Java Sea, 193S, p 138, fig. 61 

Cells forming straight chains, apical axis of the cells 24-39 ^ m length. 
TransapiCal axis shorter than apical axis A semicircular knob or protu- 
berance present in the middle of the valve Set» arising from the corners 
of the adjacent cells crossing farther out Chromatophores two, plate-like. 

Chaetoceros didymws Ehrenberg 
var protuberans (Lauder) Gran et Gendo 
(Fig 216) 

Hiistcdt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Tcil 1, 19306, p 690, 
fig 392, Allen and Cupp, Plank, Diat Java Sea, 1935, p 139, fig 62 

Chaetoieros proiuberans Lstudtr, Dtat Hong Kong, 18646, PI Vlll, 
fig 11 

Similar to type The terminal setss slightly thicker than the others and 
more divergent than in the type Apical axis 15p in length 

Distrihuiton —The type nentic in all the seas, Arctic and Atlantic 
Oceans^ Peruvian guano. Var protuberans principally in the warmer seas 
in Europe m the Mediterranean ; Java Sea 

Chatocero^ didyntus Ehrenberg var heterosetoides var nov 
(Fig 220) 

Cells forming straight chains, apical axis measuring 14 m length. 
Transapical axis shorter than apical axis. A scmi-circular knob or pro- 
tuberance present m the middle of the valve. Setae arising from the comers 
of adjacent cells, crossing farther out Some of the setae of the mner cells 
thicker and running parallel to the axis of the chain and directed toward one 
end of the chain Chromatophores two and plate-Iike. 

This form resembles the type in all respects excepting for the nature of 
some of the seUe which resemble those of the inner cells of Ch compressus 
in being thicker and directed toward one end of the chain and running 
somewhat parallel to the chain axis 

J)(strlbution. — Plankton of the Msdras coast. 
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Fi» 214. x328, 215, x460 Fig 216 Ch didymus v«r proiuherens (Utxter) 
Orttt r/ Veculo x328 Fig 217 Ch Van Heurckti Oran v325 Fig 218 Ch compressut 
Laudor X 365 Fig 219 Ch Van Heurckii Gran / 460 Fig 220 Ch didvmut vat, 
^k€t9rp90tcidts nov x 328 

Constncta 

67 Chatoceros Van Heitrckii Gran 
(Figs 217 and 219) 

Karsten* ValdiMun E\pedn , 1907, p 391, Taf XLIV, fig 6a; Allen 
and Cupp, Flank Dial Java Sea, 1935, p. 139, fig 65, 

Cells fomung straight chains, apical axis 24-58 /a. Valves shgbtly con- 
stricted in the middle. Apertures narrow, elliptic Seta more or less 
curved towards one end of the chain, slightly spinous 

Distribution,— Xndxdin Ocean and Java Sea 

Stenocincta 

68 Chcrtoceors affints Lauder 
(Figs. 221-227) 

Lauder, Dial, Honf^ Kong, 1864 6, p 78, PJ VIIT, fig 5, De Tom, Syll 
A!g., Vol It, 1891-94, p 996, Ltbour. Plank Dtat N Seas, 1930, p 135, 
fig. 99, Hustedt, Rabenhorst's Kryptogamen-fl , Bd VIL Teil L 1930 6, 
p. 695, fig 396, Allen and Cupp, Plank, Dtat Java Sea, 1935, p 140, fig 66 

Ckatoceras javanicus Cleve Dtat Sea of Java, 1873 a, p. 10, PI, II, 
fig. 13. 

Chmtoceros Sckiktii Cleve, Plank Cilico Dtat , 1894-95, p. 14, PI I, 
fig. 1 ; Gran. ATord Plank , Bot Ted, Bd VIU, 1908, p XIX, 81, fig. 97 

Chenoceros Raifsii Karsten, Valdivian Expedn , 1907, Taf XXXIII, 
figs 17. 18 

Chains straight, apertures narrow, apical axis of cells 8-18^ in length 
Terminal scUe strongly divergent, thicker than the rest with spines arranged 
spirally. Resting spore formed in the middle of the cell, covered with 
numerous small spines Chromatophorc one, platc-likc. 

Chmtoceros aSints Lauder var. intermedim var nov. 

(Fig. 233) 

Cells forming straight chains, apertures narrow ; apical axis measur- 
ing 5 5-8 m length Betas almost of the same sue becoming hair-Uke 
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Plf». 221-229. Ch lasdHosus Schmt 228. x7l0. 229. x930 Fig 230 Ch parotioxiim 
Otfvt. X 710. Fig. 231. Ch lascinosus Schtitt x 130 Fig 232 Ch porattoxurn Qew. X 
710 Pig 233, Ch var intermedium var nov x460 

toward the distal end and slightly curved at the end, Chromatophorc one, 
plate-bkc 

The cells resemble those of the type and Ch affints var circinalis 
(Meunier) Hustedt (1930 h, p. 697. fig 397) but very closely the latter; 
however, differs m not having the seta so strongly curved as in the variety 
and the end sets not being different from the inner ones which is the case 
in the type. 

Distribution —In most seas, frequent in certain regions. Var. inter- 
medius var nov in the Madras coast 

69 Chatoceros paradoxmt Cleve 
(Figs, 230 and 232) 

Cleve, Dial Sea of Java, 1873 o, p 10, PI ITT, fig !6» De Toni, Sy// 
Alg , Vo), n, 1891-94. p. 992, Van Heurcic. Trade des Dmiomtes, 1899. 
p, 422; Allen and Cupp, Plank Diat Java Sea, 1935, p 140, fig 67 

Chattoceros diadema (Ehrenbcrg) Gran, Boyer, Syn N Am Diat, 
1926. fig 109. 

Cells fonrnng chains, chains twisted Cell wall thick. Girdle bands 
deeply constricted. Apertures large. Apical axis of the cells 8-18 /i 

Distribution . — River Dec in England, Java. 

Lascinosa 

70 Chatoceros lascmosus Schuit 
(Figs. 228, 229 and 231) 

Gran, Nord Plank , Bot Ted, Bd, VlII, 1908. p XIX 82. fig 99. Boyer, 
Syn Am. Diat , 1927. p 561 ; Lebour, Plank Diat M Seas, 1930, p 137, 
fig 100; Hustedt, Rabenhorsfs Kryptogamen-Fl , Bd VII, Teil 1, 1930 h, 
p. 701. fig. 401 <1, Allen and Cupp. Plank Diat Java Sea, 1935, p 141, 
fig. 69. 

Chatoceros dtstans Cleve, Plank. Cilico. Diat , 1894-95, p. 14, PI IT, 

fig. 2. 

Cdls forming straight chains, apical axis 11-24^4 in length. Aperturia 
lOBg and somewhat oblong. Satai thin, basal part somewhat parallel to 
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CkmocttfoscuniutusC^, x 710 Fi« 239 Ch SchUtt, with aporo x 710* 

Pig. 240 CK rmssanemis Castracane x460 Figs, 24U243 Ch 4tversus Oeve pjg. 241, 
« chain. X 220. 242, a cdl. x 710. 243. »pme. x 710 Figs 244-246 CA curvtsetus Oeve 
244. x325. 245, formation of resting spores, x710. 246, x325 

the cham axis Terminal set» somewhat thicker and more or less parallel 
to the chain axis Chromatophorcs two plates in each cell 

Z>iSrfrf6wr^o«,-“Atlantic coast of Europe. Arctic Sea, Davis Strait, 
Norwegian Sea, Baltic Sea, North Sea. Mediterranean, Atlantic plankton, 
Cahfomia and Java Sea. 

71 Chatoceras pelagicus Cleve 
(Fig 234) 

Cievc. Diat Arctic Sea, 1873 p 11, PI 1, fig 4, De Tom. Syll Alg . 
VoK n, 1891-94. p 993; Oran, Nord , Piank , Bot Ted, Bd VIU, 1908, 
p. XIX 83, fig 101 ; Hustedt, Rabenhorst’s Kryptogamen-Fl . Bd VI!. Teil 1. 
19306, p 704, fig. 402. 

Chatoceros Ostenfeldii Cleve, Notes Atlantw Plank , 1900, p 21, 
PI VIII. fig 19. 

Cells built on the same plan as the former; apical axis 6 5fi m length 
forming chains Apertnres large, oblong. Setjc not strong Chromato- 
phore one ui each cell 

Distnbutwn —In the coastal region of North Atlantic Ocean 

Diadema 

12 Chmtoceros holsaticm Schiitt 
(Fig. 239) 

Gran, Nord Plank,, Bot Teil, Bd VTII, 1908, p. XIX 85, fig 105, 
Lebour. Plank Diat N Seas, 1930, p 142, fig. 104, Hustedt, Rabenhorst's 
Krypiogamen^Fl , Bd VII, Teil 1, 1930 6, p 714. fig 407 

Cells forming straight chains, apical axis 26 5#i m length. Apertures 
large. Restmg spore formed one in each cell Valve of resting spore 
ar^ed and spinous. 

Di5ir0ndii>n,--Vlen\iQ in the coastal region of Europe, frequent in 
brackt$h*water regions in the north; characteristic for the East Sea region 
Danish waters. Gulf of Finland, Bothnia. 
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Diverse 

73* Chcetoceros diversus CIcve 
(Figs 235, 241-243) 

Cleve, Diat. Sea of Java» 1873 a, p 9, PI 11, fig 12, De Toni, SylL 
Alg., Vo) n. 1891-94, p. 991 , Karsten, Vaidivim Expedn , 1907, Taf XXXIII, 
fig 19. Gran, Vbrrf Plank . Bot Teti 1908, p XIX 87, fig, 107, Lcbour, 
PUmk DiaL M Seas, 1930, p 147, fig 108, Hustedt, Rabenhorst’s Krypto- 
gamen-FI , Bd VII, Teil 1, 1930 i^, p. 716, fig. 409, Allen and Cupp, PUmk. 
Diat Java Sea, 1935, p 142, fig. 71 

Cells with apical axis measuring 5-8 p m length, formmg straight 
chains ^ich are usually short. Apertures very small Setae, some hair* 
like; others thicker, tubular and spinous. Terminal setae thin and hairlike* 

Distribution ‘-‘TxopiceX and sub-tropical; ui Europe only m the 
Mediterranean North Sea, northern limit according to Gran 40*' N 

74 Chatoceros messanensis Castracane 
(Figs 236, 237 and 240) 

Karsten. Valdivian E\pedn , 1907, p 169, Taf XXXIT, fig 13, Hustedt, 
Rabenhorsfs Kryptogamen-Ft , Bd VIT, Tcil I, 1930/?, p 718, fig 410 

Chatoceros sp Lauder, On New Diat , 1864 a, PI ITT. fig 8 

Chatoceros furca CIcve, Gran, Nord Plank , Bot. Tell, Bd. VIII, 1908, 
p. XIX 87, fig 108, Lcbour, Plank, Diat N, Seas, 1930, p. 146, fig. 107 

Cells forming long straight chains, apical axis 12-39 /a m length. Tlic 
corners of adjacent cells touching each other Apertures round to elliptical. 
Bnstles usually thin , some of the setae robust, the- basal part of two such 
sctie runnmg closely adpressed to each other and forking farther out, 
spinous, the spines arranged spirally. End bristles diverging, unlike each 
other Chromatophore a single plate 

Distribution -—Tropical and sub-tropical; m Europe in the Medi- 
terranean 

Brevicatenatn 

75 Chatoceros Wighami Bnghtwell 
(Fig. 247) 

Brtghtwell, On filamentous and hng^horned Diatomacea, 1856u, p. 108, 
Pi. Vn, figs. 19-36; Oran, Nord PUmk , Bot Tell, Bd. VIH, 1908, p. XIX 
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M, fig. ill ; Boyer, Syn N Am. Diat , J926, p 111 ; Lebour, Flank. Diat, 

N. Seas, 1930, p 149, fig. III, Hu>tcdt, Rabcnhorst's Krvptogamen-FI , 
Bd. VII, Tcil I. 1930 ^ p 724, fig 414 

Cells somewhat tender forming chains, apical axis measuring 10-18 m* 
Cells in broad girdle view oblong with sharp corners, the corners of neigh- 
bouring cells touching each other and enclosing a narrow slit-hlce aperture, 
Bette thm and fragile Inner ones perpendicular to the chain axis; end 
set® more or less parallel to the chain axis Chromatophore platc-hke. 

Distribution —North Atlantic, Davis Strait, Danish Sea, Skaggerak, 
Baltic, English Channel, Mediterranean 

Cutviseta 

76 Chcrtoceros cur\tsetus Cleve 
(Figs 238, 244-^246) 

DeToni, Syll Alg , Vol IT, 1891-94, p 992, Gran, ^^onl Plank , Bot 
Toil, Bd. Vm, 1908, p XIX 91, fig 116, Boyer, Syn N Am Dial 1926, 
p 108, Lebour, Plank Dial N Seas, 1930. p 156, fig 120, Hustedt, 
Rabenhorsl’s KrypioitamefuFI , Bd VIT, Ted 1. 1930 b, p 737, fig 426 

Chains spirally curved No distinct end cell Apical axis of ceil 
measuring 9-21 m Cells in broad girdle view oblong, sel« starting from the 
comers. Aperture somewhat broadly elliptical Sciae all directed toward 
one side of the chain Chromatophore g single plate with pyrenoid Rest- 
ing spores formed one in each cell, wall smooth 

Distribution —All parts of North Sea, Norwegian Sea, Skaggerak, 
Baltic Sea, English Channel, Belgian coast. North Atlantic, European and 
American, Mediterranean Sea and California 

Soctaha 

11 i hatoceros socialis Lauder 
(Figs 251 and 256) 

Lauder, Dial Hong Kong. 1864 b, p 77, PI VTII, fig, 1, Do Toni, 
Syll Alg , Vol TI, 1891-94, p 995, Gran, Hord Plank., Bot Tetl, Bd VIII, 
1908, p XIX 96, fig. 123, Boyer, Syn N Am Diat, 1926, fig 110, Lebour, 
PUmk Diat N Seas, 1930, p 166, fig 128, Hustedt, Rabcnhorsl‘s Krypto- 
gamen-Fl , Bd VH, Teil 1, 1930 b, p 751, fig 435 

Cells forming curved chains, apical axis measuring 5-14 fi, number of 
chains occur together m colonies. Set® very thin. The set®. on one side 



Tixt.Fkm 247-2S8 —Fig 247 CM Wighaml Bngotweil x460 Fig 248 Euetm^ 
taau Ehranbcfg. x32S Fig 249 CUmaeodDmi Fratiuf/eUkmmm Orutwm XISQl 
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Fi|.2S0. Emanpki zcoOhciaBhtttbtfU. xi2t Fig 2ii Cknoctnn nKlalh laitipr Aciwin 
X710 Fig. 252 Climaeodtum Fraue^feUUattum G^unow x 80 Ftg 253 Bikcam^ 
to6dktcu$ Bhrenbcrg Structure x 710 Figs 254 255 E cornuta (Qeve) Onmow, a chain, 
one cell showing contenU x 2M 255, a 710 lig 256 Ckrtoceros loMh Lauder A 
cokmy. x 150 Ftg. 257 Eucattifiia cornuta (Oeve) Oruaow x 460 Fig 25S Ciimacoiitum 
F^uan/eldlamtm Orunow x 220 

of the Cham almost all prolonged very much and sometimes attached to 
some foreign body Apertures large, somewhat rectangular 

Distribution —Hong Kong. Arctic Seas, Davis Strait. Danish Seas. 
Skaggerak, Baltic, North Sea. Belgian coast. English Channel; North 
Atlantic, European and American 

Family BiDDULPiiiEiE 
Si^fantily Eucampine^b 
XXIV Genus Eucawpia Ehrenberg 
78 Eucampia zoodtaais Ehrenberg 
(Figs 248. 250 and 253) 

Pritchard. Hist Infusoria, 1861, p 937. PI II, fig 43, Rabenhorst. 
FI. Eu Alg, 1864, p 324, fig 93, De Tom, Syll Alg , Vol H. 1891-94. 
p 983, Van Heurck, Traitl des Diaiom/es, 1899, p 461, fig 191, PI XTX. 
fig 628; Gran, ^ord Flank., Boi Teil Bd VTII, 1908, p XIX 98. fig 126; 
Boyer. SyH. N. Am Diat , 1927, p, 116, Lebour, Plank. Diat N Seas, 1930, 
p, 187. fig. 147, Hustedt, Rabenhorsl’s Kryptagamen-Fl , Bd VH. TctI 1. 
1930 b, p 772, fig. 451 ; Allen and Cupp, Plank. Diat Java Sea, 1935. 
p 143. fig 74. 

Eucampia Britanntca W. Smith. Syn Brit Dial , Vol. 11. 1856, p 25, 
Pi, LXXl. fig. 378 

Eucampia groenlandica CIcve, Diat Baffins Bay, etc., 1896, p, 10. 
PI. 11, fig 10 

Cells flat, united mto spirally twisted chains by blunt proccssca. 
Apical axis 44-60 m length. Valves concave in the middle part so that 
between neighbouring ceils a large space occurs. Intercalary bands 
difficult to make out. Valve punctate, punci« 15 rows in 10#*. 

DistrBmUon,-~PiX\ parts of North Sea. Baltic, Skaggerak. English 
Channel. Mediterranean. North Atlantic. European and American. Cali- 
fornia; Miocene deposits of Richmond 
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79 Eucampia cornuta (Cleve) GrunoW 
(Figs. 254, 255 and 257) 

Van Heurck, TraitS des Diatomies, 1899, p 461, fig 192; Hustcdt, 
Rabcnhorst’s Kryptogamen-Fl . Bd VII, Tcil 1. 1930 6, p 774, fig 452; 
Allen and Cupp, Plank Diai Java Sea, 1935, p 143, fig 75 

Moellaria cornuta Clcvc, Diat Sea of Ja\a, 1873 «, p 7, Pi I, fig, 6. 

Similar to fonncr m habit Apical axis 18-42 m length Intercalary 
bands prominent Processes thinner and longer. Apertures wider than 
in the former Structure on valve very difficult to sec. 

Dvstnbution , — Usually in the warmer seas, Java In the European 
region only m the warmer sub-tropical parts of the Atlantic Ocean 

XXV Gmus Climacodmn Grunow 
80 Chmacodium Frauen feldtanum Grunow 
(Figs 249 252 and 258) 

Dc Tom, Syll Alg , Vol It. 1891-94, p 986, Van Heurck, TraiV^ 
Diatomies. 1899, p 462, fig 193, Gran, Nord Plank , Bot Ted, Bd Vtll, 
1908, p XIX 1(X), fig 129, Lebour, Plank Diai N Seas, 1930. p 189, 
fig 149 a, Hustcdt. Ribenhorst’s Bd Ted 1. 1930 6, p 776, 

fig 453, AMcn a^d Cupp, Phnk Diat Java Sea, 1935, p 144, fig 76 

Cells even, flat, forming very long nbbon-shaped chains, in girdle 
view with small linear middle part, at the poles of the apical axis with more 
or less slender processes Intercalaiy bands abAcnl, pcrvalvar axis, there- 
fore, short Apertures Urge, wider than the cells Membrane structure 
not visible. Apical axis 106-160/* in length 

Distribution “Particularly in the warmer seas , Mediterranean, Indian 
Ocean, Red Sea 

XXVI G^nus Streptotheca Shnibsole 
81 Streptotheca indtca Karsten 
(Fig^ 259, 260) 

Karsten, Vaidivum Expedn , 1907. p. 395, Taf XLVI, fig 8, a, b Allen 
and Cupp, Plank Diat Java Sea, 1935, p 144, fig 77 

Ceils square to rectangular, membranaceous, forming long chains which 
arc at times twisted on its own axis Chromatophores numerous, disc- 
shaped 

Distribution,~indiSin Ocean, Java Sea 
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Sub-family TiuCfiRATiNB« 

XXVTL G^nus Bellarochea Van Heurck 
82 Bellarochea malleus (BrjghtweD) Van Heurck 
(Fjgs 261, 262) 

Van Heurck, TraiU des DiatomSe^, 1899, p 464, fig 195; Gvfiv, Nord 
Plonk. Bot Toil Bd. VIU. 1908, p XIX 111, fig 148; Lebour, Plank 
Dtat N Seas. 1950, p 182. fig 142, Hustedi, Ribenhorsi’s Kryptogamen- 
FI , Bd VII, Teil 1, 1930 6, p 782, fig 456 

Tnceratmn malleus Brightwell, Fufther Observations, etc , 1858 h, 

p. 154, PJ VIII, figs. 6, 7. 

Cells fiat, forming nbbon-like chains, weakly silicified Apical axis 
50-78 /i in length Valve with a rudimentary central knob and punctate 
in the margin. Apertures slit4ike, closed in the middle by rounded valves 
Chromatophorcs numerous, disc-shaped 

Distribution —Hmwe in the coastal region of south, North S^a, 
Atlantic coast of western Europe and America, Indian 0;can. 

XXVTII G.nus Ditylum Bliley 
83 Ditvlum Bnghtwellii (West) Orunow 
(Figs 263 and 264) 

Do Toni, Syll Alg , Vol II, 1891-94, p 1017 » Van Heurck, Traitd de^ 
Dmtomiles. 1899, p 424, fig 141, PI XVII, fig 606, Gran, Nord Plank , 
BJt Ted. Bd VlII, 1908, p XIX, 112, fig 150, Lebour. Plank Dtat N 
Seas. 1930, p 186, fig 146; Hustedt, RabenhorslV Kryptogamen^ FI . 
Bd VII, Toil 1. 1930 6, p 784, fig 457 

Tnceratium undulatum Brightwell. Further Observ . 1858 6, p 154, 
PI VlII, e p ; 

Tnceratium Brightwellii West, Remarks Diat., 1860, p 149, PL VII, 
fig. 6. 

Cells pnsm-shaped, with strongly rounded ends and three-cornered 
valvar plane. Valve margin wavy Sides of valve measuring 46-132 ft. 
Membrane finely punctate A circle of short spines on the valve surface 
and a siliceous hollow spme at the centre of the valve. 

Distribution —Coasts of England and Scotland, North Sea, Holland, 
Belgium, Germany, Norway, Sweden and Denmark; North Atlantic, 
European and American. 



indltructure ^710, 262,achAin, ^328 Figs 263-264 (Wttt) GruMW 
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FSf. 263, two daughter odI)«, x 325; 264, x328. Fig 265 TV/cvrwriim favus Ehreobarg. 
Structure on the valve x 460 Fig. 266 Ditytum Sol Grunow x 325 Fig 267 Ttkenahtm 
fayks Ehrenberg ^^460 Fig» 26ft~270 Lfthodesnaum uneiuhtum Ehieaberg Pig 268 and 27Q, 
x7IO, 269, valve view showing sculptunng. x930 Fig 271 Tnceratlwn favus Fhrenberg x460 

84 Ditylum Sol Grunow 
(Fig. 266) 

Di Tom, 5v// Alg , Vol 11, 1891-94, p 1018, Hustedt, Rabcnhorst’s 
Krypiogamen-Fl , Bd VII, Teil 1, 1930^, p 787, fig 460, Alien and Cupp, 
Plank. Dial Java Sea, 1935, p 145, fig 79 

Cells very large, with three cornered valves possessing a central, 
straight, hollow spine No circle of small spines on valve Valve margin 
wavy, giving the appearance of many longitudinal lines in girdle view. 
Membrane finely punctate Sides of the valves measuring 1 10-148^1 

Distribution - -Warm water form In the Atlantic Ocean up to 10** N. 
In Europe only in the eastern part of Mediterranean, Gulf of Java and 
China Sea. 


XXIX Genus Lithodesmium Ehrenberg 
85 Lithodesmium undulatum Ehrenbcrg 
(Figs 268-270) 

De Tom, Syll Alg, Vol II, 1891-94, p 985, Gran, IVord, Plank , Bor 
Teil, Bd VIII, 1908, p XIX 112, fig 149, Lebour. P/ank. Diat N Seas, 
1930, p 185, fig 145; Hustedt, Rabenhorst’s Krvptogamen-Fi , Bd VII, 
Tcill, 1930 ^ p. 789, fig 461 

Triceratium undulatum BrightweU, Further Observ , 1858 b, p. 154, 
PI, Vni, e.p,; 

Ditylum intricatum Gninow, Van Heurck, TraiV des Diatomies, 1899, 
p, 424, PI XVn, fig. 607. 

Idthodesmtum Victoria ICarsten, Valdivwn Expedn , 1907, p 171, 

'ftf. xxvnr, fig, 6. 

Cells forming long chains. Valvar plane triangular, corners rounded 
Valve with a small spine at the centre. Sides of valve measuring 38-49/1 
Membrane punctate, punctae 12 rows in lO/i. 

Distribution —Coasts of England, North Sea, Holland, Belgium, Ger* 
many and California. 

BS 
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XXX G^nus Triceratium Ehrenbcrg 
$6 Triceratium favm Eirenberg 
(Figs 265. 267 and 27!. PI I. fig 5) 

W Smith. Syn Brit Diat . Vo! I. 1853, p 26 PI V, fig 44. PJ XXX. 
fig 44, DeToni, Syli Alg , Vo! II. 1891-94, p 917, Hiistcdl, RabenhorsPs 
Kryptogamm-Fl , Bd VII. Teil 1, 1930 h. p 798. figs 462. 463 

Triceratium muncatum Bnghtwell. On the Genus Triceratium, 1853, 
p 249. PI IV. fig 5 

Triceratium scitulum Bnghtwell, Further Oherv , 1858 PI IV, fig 9 

Triceratium fimhriatum Wallich, On Triceratium, etc , 1858, p 247. 
PI XII. figs 4-9 

Triceratium favus var spmigera Cleve, Diat Sea of Java, 1873 a, p 6, 
PJ 1. fig 3 

Triceratium favus \dT laicareolata CdSirsLCdDc, Diat C/;a// . 1 886, p 109. 
PI IX. fig 3 

Triceratium sarcophagus Cdhiuxc^ne, ibid , P\ VT. fig 3 

Triceratium ferox Cistracanc, ibtd , PI VI, fig 4 

Biddiilphia favus Van Heiirck, Trait des Diatomm, 1899. p 475, fig 204 
P) XXI, fig 643, Boyer, BtdduJphioid Forms 1900, p 706, Q'dT[, Nord 
Flank ,Bot Ted, Bd VITT, 1908. p XlX 109. fig 147, Boyer. Svn N Am 
Diat, 1926. fig 133, Labour, Plank Diat N Sea, 1930, p 180. fig 140 

Cells box-like with three-cornered valvar plane and short pcrvalvar 
axis Sides of valve slightly convex, the corners rounded, side measuring 
96- 166 /A At the comers blunt processes present Cell-membrane strongly 
sculptured, areola te Areolje in regular rows, almost of the same size 
measuring 2-3/* in diameter Primary membrane punctate, punctae 12 m 
10 /* Chamber openings clear Girdle band arcolate-punctate. punctie 
6-8 rows in 

Distribution —Littoral m all the European seas Atlantic coast ; Gulf 
of Mexico and Java 

87 Triceratium Robertsianum Grcviilc 
(Figs 111 and 273) 

Greville, Descrip New and Rare Diat , 1863 c, p 231, Pi IX, fig 9; 
I>e Tom. Syl! Alg , Vol. II. 1891-94, p 919, Hustedt, Rabenhorst’s Krypto* 
gamen-Fl, Bd VTI. Teill. 1930 Zi.p 803. fig 466 
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BUdulphia Robertsiana Boyer, Biddulphhid Fonns, 1900, p 707; Boyer, 
1 N Am Diai, 1927. p 134 

Cell built in the same plan as T fam^ Valves three-sided, sides more 
convex, measuring 142 /i Valve corners with hollow cylindrical piocess 
Cell membrane strongly sculptured, areolatc Areolae 10-25 in 100 /x 

Distnbution—Lwtox^i form in the coast ot tropical and sub-lropical 
seas; in Europe only in the Mediterranean 

88 Tnceratium duhium Bnghtwell 
(Figs 274-276 and 278) 

Bnghtwell, On Rarer and Vndesinhed DuU 1850, p 180, PI IX, fig 12, 
yiastedt, RsibenhorsVs Kryptogamen-FI ,Bl] VfT fcil 1, 1930 p 806 fig 469 

Triceratium hicorne Clevc, Dial Wext fnd Arch , 1878, p 17 PI V, 
fig 30 

Biddulpkia bicorms CIcve, ibid 

Amphitetras bicorms De Tom, Syll Alg . Vol TT. 1891-94, p 902 

Biddulpkia dubia (Bnghtwell) Clcvc, Boyer, Biddtdphtoid Forms, 1900, 
p* 707; Boyer. Syn iV Am Dial , 1926 p 128, Allen and Cupp, Plank, 
Piat Java Sea, 1935, p 148, fig 84 

Valves rhombic-lanceolate In sidc-vtew two angles each with a stout 
homdike process and the other two angles with short blunt processes Valve 
three, four, five-sided or irregularly shaped Valve surface strongly 
sculptured, areolatcd irregularly, arcolas 6 in 10/x Valve margin striated 
Girdle band arcolate, areol® 12 m lO/x arranged in rows Apical axis 21-34 fx. 

Distribution — In the coast of warmer Geas, in Furopc only in the 
Balearic Sea, Mauritius, Atlantic and Pacific coasts of America and Java 

89 Triceratium reticulum Ehrenbcrg 
(Figs 279 and 280) 

Hustedt, Rabenhorst’s Kryptogamen-F! , Bd VTI Ted 1, 1930 6 p 823, 
figs. 485 and 486 

Triceratium sculptum Shadboll, New Forms Diat , 1854 a, p 15, PI 1, 
fig. 4, 

Triceratium pmetatum Bnghtwell, Further Observ Genus Triceratium, 
1856 6, p. 275, PI IX, fig 18, Pritchard, Hist Infusoria, 1861, p 856, Pi 
VI, fig 20, DcToni, Syll Alg , Vol IT, 1891-94, p. 944. 
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tculpturmg on the valve Fig. 277 T attenums x710 Fig 278 T rfufrOim Bnghtwell, 

abnormal valve, x 930 Figs 279-280 T nttcufatutn Ehrenbcrg Ftg 279, cell with contenti, 
x710; 280 x 930 fig 281 Biddulphia tlnemts Gievillc x 83 Fig 282 Triceratium 
alt^rrmt TSmkiy A chain x710 Figs 283-284 Biddutphia pufchella Gray x328 Fig, 283* 
B rhombus (^Ttnherg) W Smith Narrow girdle view x930 Figs 286-287 B mobiUemis 
BaOey Fig 286, sculpturmg, x930, 287. x328 Fig 288 B Aereroetfmjr Grunow Sculptur* 
lag x930 Fig 289 B jmeif j/j GreviUc x83 Fig 290 B rAomAiw (Ehrcnbcrg) W Smith 
Valve view x 930 

Blidulphia sculp ta (Shadbolt) Van Heurck, Trait d des Diatomies, 1899, 
p, 476. Pi XX!. fig 645 

Bidduiphia reUculum (Ehrenberg) Boyer, Bidduiphioid jorm, 1900. p 724; 
Boyer, Syn N, Am Dior. 1926. p, 138, Gran. Nord Plonk, Bot Teth 
Bd. Vni. 1908. p XIX 110 , fig, 146 

Cells with triangular valvar plane sides measunng 28-125/1, Corners 
rounded. Cell-wall areolate, areola rounded, 7-12 in lO/i scattered and of 
dilferent sizes, frequently groups of areola separated by a hyaline nng 

Distribution —Littoral region of warmer seas, ver> frequent , In Europe 
from the Mediterranean to the Scandinavian coast 

90. Triceratium altemans Bailey 
{Figs 277 and 282) 

W. Smith, Syn. Bnt, Diat , Vol I, 1853, p 26. PI V, figs 30 and 45; 
Oran, Nord, Plank,, Bot TeiiBd VIH, 1908, p XTXn0,fig 145, Hustedt. 
Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil 1. 1930 p 825, fig. 488 

BUUulphta altemans Van Heurck, De Toni, Syll Alg , Vol II, 1891-94, 
p. 941; Van Heurck, Traiti des Diatomies, 1899, p 475, PI XXI, fig 644; 
Boyer. Bidduiphioid forms, 1900, p 719, Boyer, Syn N Am Diat , 1926. 
p. 137. 

Diceratiwn variable BrightwclL Further Observ, Genus Triceratiian, 
1856 6. p. 275. PI. XVH, fig, 19. 

Cells box-shaped with three-sided valvar plane, sides measuring 16-19p. 
Comers rounded. Membrane areolate, areolte somewhat rounded on the 
valve. 9 in lO/i, on the gifdlc 12 in lOp, becoming smaller towards the 
c^tre of the girdle. 

Dhtributhn —In the entire European coastal region, not rare. In the 
l^kton as chains formed by muctlage secretions. 
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Sub^family Biddulphinb* 

XXXI Genus Biddulphia Gray 

91 BidduJpIita pulchella Gray 
(Figs 283 and 284) 

W Smith. Syn Brit Diat , Vol 11. 1856, PI XLIV. fig 321; De Toni, 
Syll Alg , V<i! II. 1891-94. p 870, Van Heurck, Traits des Dmtomles, 
1^9. p 470, PI XX, fig 630, Lebour. Flank Diat N Seas, 1930. p 172, 
Pi III fig 3, Hustedt, Rabenhorst’s , Bd VII, Ted 1. 1930 

p 832, fig 490 

Biddulphia pulchella var major Castracanc, Diat Chall , 1876, p 102, 
PI XXIIT, fig 6 

Biddulphia biddulphiana (Smith) Boyer, Biddulphioid forms, 1900, p 694; 
Gran, Nord Plank Bot Tell, Bd VII. 1908, p XIX 104, fig 135, Boyer, 
Syn N Am Diat . 1926, p 121 

Valves elliptical with swollen margins, strongly sculptured with a few 
nbs inside. Two blunt, rounded processes at the corners; structure, areo- 
iations on both valve and girdle , on girdle arranged m rows more or less, 
4i in 10 ft Apical axis 92 ft m length Cells forming long or short chains 
by attachment with mucilage pads at blunt end of their processes 

Distribution — One of the commonest form in the European coastal 
region, particularly frequent in the temperate parts, bccoimng rare towards 
the north Found in long chains along with other types. Also m the 
plankton of Atlantic and Pacific coasts 

92 Biddulphia mensis Greville 

(Figs 281 and 289) 

Grcvdli. , Desenp New and Rare Diat , 1866, ser xix. p 81, PI. TX, fig 16; 
Gran, Nord Plank . Bot Tvii Bd Vltl, 1908, p XIX, 107, fig 139, Lebour, 
Plank Diat N Seav, 1930, p 176. fig 136, Hustedt, Rabenhorst’s Krypto- 
gamen-Fl , Bd VII, Tcil 1. 1930 6, p 837, fig 493; Allen and Cupp, Plank, 
Diat Java Sea, 1935, p 146, fig 81. 

Denticelfa'> mensis De Tom, Syll Alg , Vol. II. 1891-94, p. 884 

Cells large, weakly silicified, cylindrical, elliptical-lanceolate in valve 
view, pervalvar axis elongated Apical axis measuring 120^196/*. Girdle 
band not clearly demarcated Two thm horns at the comers of the valve 
and near each other a long thin spme Membrane very finely areolated, 
arcol® in rows on the girdle. 
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Distribution. ~A1\ parts of the North Sea, Skaggcrak, Cattegat, Irish 
Sea, English Channel, Indian seas, Red Sea, Hong Kong, Java, Gulf 
of Siam, 

93, Biddulphia mohdiensiv Bailey 
(Figs, 286, 287, 291-296 and 299, PI U, figs 1 and 2) 

De Tom, Syll Aig , Vol If, 1891-94, p 382, Boyer, Biddufphio id forms, 
1900. p 698; Gran. Nord Plank Bot Teil, Bd Will, 1908, p XIX 106. fig 
138 if; Boyer, IV Am Diat . 1926, p 122, Lebour, Flank Diat. N Seas, 
1930, p, 174, fig 134, Hustedt, Rahcnhorsl’s Kryptogamen^Fl , Bd VIT, 
Ted 1, 1930 A. p. 840, fig. 495, Allen and Cupp, Plank Dial Java Sea, 1935, 
p 146, fig 80 

Btddulphia BaiJeyt W. Smuh, Syn Bnt Dial , Vol II. 1856, p 50, 
PI. XLV, fig 322 c 

Cells elliptical-lanceolate in valve view, single, or forming short chains 
attached by their horns Valve and girdle /one not clearly demarcated 
Thin walled Valve horns slender and directed outwards Two long 
straight spines on each valve placed equally apart from the horns Valve 
flat between the spmes Both valve and girdle areolated, areols in regular 
rows 12 in lOp on the valve, 18 in 10^ on the girdle Apical axis of cells 
26-79 jii 

Auxosporcs were observed 

Distribution — Norwegian seas, all parts of the North Sea, English 
Channel, North Atlantic (European and American), Mediterranctin, Pacific 
coast of America 


94 Biddulphia heteroieros Grunow 
(Figs 288, 298 and 303) 

Allen and Cupp, Plank, Diat Java Sea, 1935, p 147, fig 82. 

Cells box-shaped without a sharp constriction between valve and girdle 
zone in girdle view Horns from each pole of apical axis well developed, 
directed slightly away from per valvar axis Two strong spines on each valve 
a short distance from the horns Valve between spines slightly hi^er, that 
between spines and horns somewhat flat Valve surface studded with nume- 
rous tmy spines On lower margin of valve mantle, a hyaline collar sup- 
ported by nbs present Arcolation almost of the same size on valve and 
girdle, in regular rows, 9 in 10/* 

Distribution —Java Sea 
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m 298 BUklutphia futeroceros Orunow >460 Fig 299 B mobthensis BaOcy 328 
Fig. 300 htkntia tnenn FKrcnbcrg Sculpturing /328 Fig 30J BttUhtlphta fongicruris 
GreviUc x 930 Fig 302 B rhomhns (threnbcrg) W Smith y 930 Mg 303 B hetero* 
ccros Grunou 460 

95 Bidduiphta rhombus (Ehrenberg) W South 
(Figs 285, 290 and 302) 

W Smith, 5>w Brit Dtat ,\o\ 11, 1856, p 49, PI XLV, fig 320. PJ LXI, 
fig. 320, Dc Tom, Syll Al^ , Voj II, 189J-94, p 882, Van Heurck, Traitd 
des Dtatomles, 1899 p 472, PI XX, hg 634, Boyer, BidduJphund forms, 
1900, p 704; Gian, bford Plunk , Bot Ted, Bd VIll. 1908, p XIX 108,%, 
141, Boyer, S'yn U Am Diat , 1926, p 127, Lebour, Diat K Seas, 

1930, p, 178, fig 138, Husledt, Rabcnhor>rs Krypiof^amen-Fl , Bd VIl, 
Teil 1. 1930 6. p 842, fig 496, 497 

Cells btrongly sihcified, and strongly sculptured Valves and girdle 
zone differentiated. Koins stout Valves with two long spines Membrane 
areolated, areolas 9 in 10 on valve, 18 in 10 on the girdle Apical 
axis 26-27 fi, in length 

Distribution —Coasts of England, North Sea, Holland, Belgium, 
Germany, Sweden, Denmark, North Atlantic, Atlantic and Pacific coasts of 
Amenca, Maunttus 

96 Biddulphia hnguruns Grevillc 
(Fig 301) 

GrcviUc, Diat Cal Gwmo, 1859 6, p 163, PJ VHI, fig 10 

Cells somewhat resembling Bichiulpfna aurita, well sihcificd, box-shaped, 
valvar plane elliptic to lanceolate, apical axis 20- 42 /a in length Valve at 
the poles of the apical axus drawn out into well developed horns. Ceil wall 
areoiate, arcol® 12 in 10 /a on the valve, about 18 m 10 /a on the girdle; 
radially arranged on the valve Spine one on each valve, well developed. 

Distribution — Californian guano 

Family IsTHEMiNiiiB 
XXXII Genus Isthmia Agardh 
97 Isthmia enervts Ehrenberg 
(Figs 297 and 300) 

W Smith, 5y» Bnt Diat, Vol 11, 1856, p. 52, Pi XLVIII Pritchard, 
Wst IrifusoriaA^6\,p 851, PI X,flg 183, VanHeurck, Traiti des Diatomies, 
1899, p. 451, fig. 175 a, Pi XIX, fig. 625; Hustedt, RabenhorstS Kryptogamen^ 
Ft., Bd. VII, Tcil 1, 1930 6, p. 866, fig. 516. 
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Text-Fio^ 304 315 — Fig^ 304-306 Ceratauima Bergonii Pcta^Uo^ / 328 Fig 306^ resting 
spore Figs 307 309 ffemtaulns %irt€ni,h OtcwWc Fig 307, a chain ^150, 307o, sculpturing, 
x930, 308, 309, narrow girdle view, 460, 308, rcstmg-sporc formatton Figs, 310-312, 

Hemiwlus HardmannUmuK (GrevUle) Mann Fig 310, x 710, 311, x ISO, 312, X 7l0 
Fig 313 Memtautus sinemt^ Oreville, resting spore x 460 Figi 314-315 HemtiliscuM 
H0^bmmnUmta {OrtrnXk) Mnsui Fig 314,315, xlSO. 
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Isthmielb enervis Clevc, Diat Arctic Sea, 1873 b, p 10. 

Isthmiella enervis (Ehrenberg) Clcve, De Toni, Syll. Aig , Vol tl, 1891- 
94, p 834 

Jsthmia obliqmta (J E Smith) Boyer, Biddulphioui forms, 1900, p 689; 
Boyer, Syn N, Am Diat , 1926, p 140 

Cells forming colonies, frui>tuies elongiited Valves without costae 
Girdle well developed Cells showing two poles , one, a foot pole by which 
attachment is effected, and the other less long and somcwhtit more rounded 
Valve areolated, areolae 2^ in 10/i Girdle also areolatcd, areolae in rows, 
7 m 10/i 

Distribution,-Ax\ all oceanic coasts from Arctic Seas to the Tropics 
Family H^miaolink® 

XXXTII Genus Ccrafauhna Pcragallo 
98 CeratauUna Bcr^onii Peragallo 
(Figs 304-306) 

Gran, Nord Plank, Bot Teil, Bd VIII. 1908. p XIX lOl. fig 132, 
Boyer, Syn A Am Diat , 1927, p 559, Lebour, Plank Diat N Seas, 1930, 
p 185, fig 144, Hustedl. Rabenhorst’s Krvptogatnen-Fl , Bd VII, Teil, 1, 
1930 6, p 869, fig 517 Allen and Cupp, Plank Diat Java Seas, 1935, 
p 149, fig 86 

Cells cylindrical, elongated along pervalvar axis, forming long chains 
Intercalary bands difficult to see At the rruirgm of the valve two short 
cylindrical processes with bair-likc spine on them Apertures small Cell- 
wall weakly siliceous Structure on valve not clear. Apical axis measuring 
11-26^ 

Rcstmg spores were observed in this form But the shape of the spore 
IS very different from that figured by Husledt (1930 6, p 869, fig 517), 
probably the spores observed here were not mature 

Distribution -In the warmer seas, in Europe not rare. In the Medi- 
terranean very common, nentic 

XXXIV Genus Henuaulus Ehrenberg 
99 Hemiaulus smensis Greville 
(Figs 307-309 and 313) 

Greville, De^rip New Genera and Sp Diat , 1865 6, p 5, P! V, 
fig. 9; Hustedt, Rdbenhorst’s Kryptogamm-Fl , Bd Vli, Tcil 1, 1930 6, 
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p.87S. fig. 519; Allen and Cupp, Pknk. Mtt Jam Sea, 1935, p. 150, 
fig 88 

Hemtaulus Heibe^ Oeve. Dht Sea of Jam, 1873 a, p. 6, Pi. 1, fig. 4; 
De Tom, Syll 4(g.. Vol. 0, 1891-94, p 837. 

Cells flat with broadly elliptical valvar plane, forming long chains by 
attachment with the processes of adjoining cells Apical ass measuring 
23-38 /i. Cv'll wall strongly silicified, areolated, areolss m somewhat radial 
rows; at the centre of the valve about 6 in 10/t, near margin 9 in 10/i. 

Distribution — Nentic in the coastal region of warmer and southern seas; 
in Europe only in the Mediterranean 

Fanuly Euodiea 

XXXV Genus HemtJiscus Wallich 
100 Hemidistus Hardmanmanwi (Greville) Mann 
(Figs. 31(K-312 and 314-315) 

Allen and Cupp, Plank. Dial Jam Sea, 1935, p. 152, fig. 91. 

Pabneria Hardmanniana Greville, Descrip. New and Rare Diat., 1865 a, 
p.l.PU.flg 1-4. 

Valves semicircular, ventral margm straight, Ends obtuse Central 
area someudiat large and hyaline. Areolation fine, radiating from the centre, 
about 12 in lOfi. Spmuls around the margin, with hyaline ribs arising from 
them and running to the centre. 

lNstribttiim.—im Sea 
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PART n 

B4cilUiriophyt« (Dittomec) 

Order' Penkales 
S ub-order Araphidinc^b 
Family » Fragiiarioide« 

Sulhfamdy: Tabel!ane« 

Tabettarunea 

XXXVT G;iius Rhabdonpma KutZing 
101 Rhabdortefna mirtficum W Smith 
(Figs 316, 318 and 319) 

W Smith, Syn Brit. Dtat , Vol U, 1856, p 35, PI XXXYIII, figs. 
305 6, 305 a', b'; Walkcr-Annott, On Rhabdonema, 1858 a, p 92; Bnghtwell, 
Rarer or undesenb Dwt , 1859, p 180, PI IX. fig 11, Pritchard, HJsf 
Infusoria. 1861, p 805, PI VTII, fig 12 

Climacosira mirifica (W. Smith) Grunow, De Tom, Syll Alg . Vol. II, 
1891-94, p 765; Van Heurck, Traiiides Diatomies, 1899, p 361, fig U2 

Rhabdonema pmetatum (Hm and Bailey) S^oddar, Boyer, S)7i M 
Am Dtat, 1926, p. 150 

Cells in girdle view nbbon-shaped with hyaline rounded comers forming 
more or less long bands Intercalary bands numerous Valves linear, 
81-117/* long, transversely striate, stri« 12-15/* Valve view was not 
obaerved 

—Ceylon, Miuntius, Red Sea; Tahiti, Honduras, Pacific 
Ocean ; in the fossil of “ Nankoon **. 

XXXVTI Genus Stnatella Agardh 
102. Striatella delicatula (Kutzmg) Grunow 
(Figs 317 and 321) 

Pntchard, Hist. Infusoria, 1861, p 804, PI XIV, fig. 42; Van Heurck, 
Traiti des DiatomSes, 1899, p 363, PI XII, fig, 483; Boyer, Syn N. Am. 
Diat , 1926, p. 161; Hustedt, Rabenhorst*s Kryptogamen~Fl.. Bd VII, Tcil 2, 
1931-32, p. 34, fig. 51. 

Fnistules rectangular, angles rounded, divided into partitions by septa 
which alternate on each side Valves 14-18/* long Stn» not clearly 
visible. 
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Fig. 321 StrUatUa delicatuta (KilU) Grunow <^930 Fig 322 CUmacospkeria moMligeri 
Ehrenberg, sculpturing x 930 Fig 323 Cl ehngata Bailey, valve view l>ee end x220. 
Fig 324 Crammatophora kfuittlata Ehrenbcrg. valve view v 428 Fig 325 Ctlmacoxpheftla 
moHihf^ra Ehrenberg, a colony x 53 Pig 326 Grammatophora Ehrenbcrg <710 

Figs 327, 328, 329 CHmacospkenut ehngata Bailey ^ 220 Fjgs 330-'332 Lktnophora abf>re* 

Agardh x 710 Fig 330, valve view, 331, girdle \jew and 332, valve view different focus 
Figs 333-334 Chmaco^phenui momligera Phrenberg ^215 fig 335 Cl ehngata Biuley, 
valve view, base of cell 

Dwfr/fcu/iort — Ephiphytic on marine algae in the European coastal 
region from M^ditetrancnn to North Sea ; Greenland 

XXXVIII Genus Granimatophora Ehrenbcrg 
103 Grammatophora mdulata Ehrenbcrg 
(Figs 320, 324 4ind 326) 

Kurzing, Sp Alg. 1849, p 121, Rabenhorst, FI Eu Alg PI I, 1864, 
p 303, D2 Tom, Syll Alg. Vol II, 1891-94, p 753; Boyer, Syn AT Ant. 
Dtat . 1926, p 156, Hustcd^ Rabenhorst’s Krypiogamen-Fl . Bd VIT, 
Teil 2. 1931-32. p 48, fig 576 

Frustules quadrangular 5Mth rounded angles, septa slightly undulate 
VaIvcS linear-oblong, several times const nciid in longer individuals, broad 
and widened in the middle, ends capitulate. 18-71 /t long, 10 5ft broad. 
StriJC not clearly visible 

Divfr/biififW — In the coists of ssarmcr seas, in Furope only n ii c 
Mediterranean, West Indies, Coast of Birbados, Pacific Ocean 

Licmopkormct 

XXXIX Genus Licmophora Agardh 
104 Licmophora ahhreviaui Agardh 
(Figs 330 332) 

Hustedt, Rabenhorst’s Kryptogamen-Fl . Bd VTI, Teil 2, 193l''32, p 66, 
fig 590 

Podosphenia Lyngbyei Kutzmg, Sp Alg . 1849, p 110, 

Podosphenia abbrevlata (Agardh) Kutzmg, Rabenhorst, FI Eu Alg., 
Pi I, 1864, p 298, 

Licmophora Lyngbyei (Kutzmg) Grunow, Van Heurck, Trout des 
Diatomies, 1899, p 344, Gran. Plank Nord . Bot Ted, Bd VIII, 1908, 
p XIX 121, fig. 164, Boyer, Syn N Am. Dtat , 1926, p 169, Lebour, 



164 R* Subrahman)raii 

Plank Diat N Seas, 1930, p 203, fig. 165; Allen and Cupp, Plmk Dte/. 
Java Sea, 1935, p. 153, fig 92 

Licmophora Lyngbyei (Kutzing) Grunow var abbreviata (Kutzmg) 
Grunow, Dc Tom, Syll Alg„ Vol H, 1891*94, p 735 ; 

Frustules in girdle view cuneate with strongly rounded angles Lower 
end attached to mucous stalk, cells forming colonics Setpa projecting into 
the cell. Valves oblanccolate with margins sub-parallel towards the apex 
and narrowed and elongated towards the base, 28- 75 /a long and 8-11 f* 
broad Pseudoraphe distinct Sirue 12 in 10/a at the base, about 15 near 
the apex 

Distribution European coast; m North America, Atlantic and 
Pacific coasts, Baltic S^a. 

XL Genus Climacosphenice Ehrenberg 
105 Cllmaio^phenia momhgera Ehrenberg 
(Figs 322. 325 and 333-334) 

Kdtzing, Sp Alg , 1849, p 114; De Toni, Syll Alg , Vol, TI, 1891-94, 
p 740; Boyer, Syn N, Am Dtat . 1926, p 171; Hustedt, Rabenhorst’s 
Kryptogamen-Fl , Bd VXI, Tcil 2, 1931-32, p. 89, fig 625 

Chmacosphenta australis Kutzmg, Sp Alg , 1849, p 114, 

Climacosphema catena Shadbolt, Desenp New Forms of Diat , 1854 a, 
p 17. PI T,fig 15 

Frustules on short branched mucilage stalks, epiphytic, forming colo- 
nics; cuneate, narrow with upper margin rounded at the angles; base 
truncate. Septa two, with numerous foramina which are rectangular or sub- 
quadrate Valves clavate, rounded at the apex, elongated below, traversed 
longitudinally by two parallel lines; 98- 308 m long, 25 m broad at the top 
and 7-10/a at the base; striated, striae on the valves 21 in 10/a, finely 
punctate Stnse on girdle more coarsely punctate and about 15 in 10/*. 

Distribution — Very widely distributed and frequent in the coast of 
warmer and southern seas; m Europe m the Mediterranean only ; Gulf of 
Mjxico, Cuba, Barbados, Honduras and Califoniia 

106 CUmacosphenia elongaia Bailey 
(Figs. 323, 327-329 and 335) 

Dc Tom, SylL Alg . Vol II, 1891-94, p 739; Boyer, Syn N Am. Diat., 
1926, p. 172. Hustedt, Rabenhorst’s Krypto^amen-Fi , Bd. VH, Tcil 2, 
1931-32, p 90, fig 626. 
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Frustulcs cundate, narrow. With shghtly rounded angles and truncate 
bases. Valves claVate, rounded at the apex and very much elongated below, 
traversed by two parallel longitudinal lines, 784 /z long Upper broader 
part short, 28 m broad and rather suddenly diminishing in breadth lower 
down and becoming linear; lower part about 9^ broad Valve striated, 
striae fine, 21-24 in lO/i 

Distribution — Florida, Atlantic coast southward 
Sub-family Fragilane® 

Fragilanina 

XLI Genus Fragilaria Lyngbyc 
107 Fragilaria oceanica Cievc 
(Figs 336-339) 

Cievc, Diat Arctic Sea, 1873/1, p 22, PJ IV, fig 25, D- Toni, SyU 
Alg,Yo\ II, 1891-94, p 685, Gran, Nord Flank, Bot Ted, Bd VIII. 1908. 
p XIX 114, fig 154; Boyer, Syn N Am^ Dial , 1926, p 185, Lthour, 
Flank Diat N Seas, 1930, p 193, fig 153, Hiistedt, Rabenhorst’s Krypto* 
gamen^Fl, Bd VII, Teil 2, 1931-32, p 148, fig 662 

Fragilaria arcUca Grunow, Clcve and Grunow, Seiirdge z Kenntniss 
Arct /)iaMfiS0,p 110, PI VII, fig 124 

Frustulcs m girdle view linear-rectarigular, forming a very compact 
nbbon-like chain Valves broadly lanceolate, with rounded ends, 11 5- 
31*5fi long, 6*5ft broad Transapical striae dchcarie, towards the middle 
slightly fainter, 14 in 10/^, punctate, punctae 15-18 in 10/x Pseiidoraphe 
narrow, linear 

Most of the earlier authors do not appear to have rccogmscd the punctate 
nature of the striae Cievc and Grunow (1880, p 110) alone state that the 
stntt in F arctica Gunow (Syn ) are punctate near the margin 

Distribution — Usually in the coast and among ice tn polar seas; Davis 
Strait, Russia, Norway, Denmark. England and Gulf of Maine 

XLIl Genus Rkaphoneis Ehrenberg 
108 Rkaphoneis wnphicero^ Ehrenberg 
(Figs 340 aud 341) 

Rabenhorst, FI Eu Alg , pt I, 1864, p 126, De Toni, SyU Alg , Vol II, 
1891-94. p- 699; Boyer, Syn N. Am Diat , 1926, p 190; Hustedt, Raben- 



166 


R. Subrahmanyan 

horst’s Kryptogamen-Fl , Bd VII, Teil 2, 1931-32, p. 174, fig. 680; Allen 
and Cupp, Plank Diat Java Sea, 1935,, p 153, fig 93. 

Doryphora amphiceros Kutrmg, Sp Alg , 1849, p 50, W. Smith, Syn 
Brit Diat , Vol I, 1853, p 77. 

FJiaphonels Imtanica Rabcnhoist, FI Eu Alg , pt I, 1864, p. 126 

Rhaphonets amphiceros var rhombica Grunow, Van Heurck, Traiti des 
Diatomies, 1899, p 330, PI X, fig 394 

Frustules lanceolate, inflated at the centre. 26*5-40 /i long, 16 5-23/* 
broad Transapical striae 9 in 10 m, punctate Pseudoraphe narrow, 
linear 

Distribution — In the Atlantic coast of Europe, recorded also in 
brackish water 


109. Rhaphonets discoides sp nov 
(Figs 347 and 350) 

Frustules almost circular, 18-45/* m diameter Valve areolated. 
Areolae close together, square, pentagonal or hexagonal in outline, some- 
what radially arranged, all not of the same size, size slightly diminishing 
from the periphery to the centre, 6-9 m 10/* Pseudoraphe very narrow in 
the centre and slightly dilated at the poles Chromatophorcs numerous, 
disc-shapcd 

The cells grow attached to particles of dirt or other algae Common m 
the plankton 

This species differs from the others, nz , Rhaphonets Surtrella (Ehren- 
berg) Grunow, R amphiceros Ehrenberg, R Belgica Grunow, and R, nitfda 
(Gregory) Grunow in being almost circular m shape whereas the above 
forms arc boat-shaped or elliptical m outline The areolie in the present 
form are close together, square, pentagonal or hexagonal in shape, radially 
arranged; all not of the same size, size slightly diminishing from the peri- 
phery to the centre, whereas the structure in the above forms is quite 
diftcrent — the valves being punctate, the punct® placed apart and almost 
of the same size and round Chromatophorcs numerous, disc-shaped. 
The cell at first glance looks like a Coscmodiscus 


Distribution —Plankton of the Madras coast. 
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XLIIL Genus Synedra Ehrenbcrg 
Sub-genus Ardtssonia De Notans 
110 Synedra fornwfa Hani£j>ch 
(Figs 342, 343 and 348) 

Boyer, Syn AT, Ant Diat , 1926. p 209, Hiistcdt, Rabenhorsfs Krypto- 
gamen^Fl.B6 VH. Ted 2. 1931-32, p 233, fig 720, 

Ardissonia formosa (Hanlzsch) Gtunow, De Toni, Syll Alg , Vol 11, 
1891-94. p 675, 

Valves linear, gradually attenuate to the rounded ends, 140-300 /x 
long, 18-20fi broad Transapical stri® robust, 9 tn lOju Cell wall porous, 
pOiCS enclosed inside, and appearing as small openings Valves With 
three longitudinal ribs, hence, there being four series of openings , in the 
marginal senes the openings he more towards the sides Outer membrane 
finely arcolate-punctatc Between two ribs he double series of areolae 

In the present form, m one of I he specimens a disturbance in the arrange- 
ment of the transapical striae in the middle was observed so that a sort of 
central nodule was seen (Fig 342) 

Distribution —E&si Indian Archipelago, Honduras, Vera Cruz, Littoral 
in the coast of warmer seas In the region of the coast of south Evropc 
XLTV Genus Thallassionenta Grunow 
HI Thai lass tonema nitzschiouies Grunow 

(Figs 344- 346) 

Van Heiirck, Traiti des Diatomies, 1899, p 319, fig 75. Hustedt, 
Rabenhorst’s Kryptogamen-Fl , Bd VII, Ted 2, 1931-32, p 244, fig 725 

Tkallassiothrix currnta Cisiracane, Diat Chall , 1886, p 55, PI XXIV, 
fig 6; DeToni, Syll Alg , Vol II, 1891-94, p 672 

Thallassiotkrix nitzschmdes Grunow, Van Hcurck, Trattd des Diatomies, 
1899, p 314, Pi X, fig 434, Gran, Nord Plank , Bot Ted, Bd VIII, 1908, 
p XIX 117, fig 158, L'^bour, Plank Diat V, Seas, 1930, p 199, fig 160, 
Allen and Cupp, Plank Diat Java Sea, 1935 p 154, fig 96 

Thallamothrix Frauenfeldii Ckve, Plank Cilico Diat , 1894-95. p, 6 

Synedra nitzschioides Grunow, Boyer, 5'v‘rt N. Am Diat , 1926, p 207 

Frustulcs united into zig-zag chains Cells in girdle view hncar-rect- 
angular, m valve view hnear-ianceoiate, both poles alike, 21-64 5p long, 
ip broad Marginal stn» 12 m \0p 
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X710; M3, X 930 Figs 344-346* Thallasstonema NittscMoides Orunow Figs 344, X 710; 
M5, X460, 346, x930 Pig 347 Rhaphonels discoides ip m>v A colony Cells attached to dirt 
particle x460 Fig 348 5>rtrdro /crmo «i Hantracb x325 Fig 349 Thalhsslothrlx Frauen-> 
ftldii Ontnovt x930 Fig 350 Rhaphonets dhcoidex ip nov x 710 Fig 351 Thaitasslothrix 
Fntuenfeldli OvxQfyH x930 Figs 352-353 r /ongfa j/ma Ocve et Gnmow x 930 Fig 352, 
valve view, base of cell, 353, valve view distal end Figs 354-357 T Frauepfetdd Orunow. 
Fig 354, 355, x460, 356, 357. colonies, xl50 Figs 358-359 T hngissima aevo et Gnmow 
Fig. 358, two ceUs x33, 359, x930 

Dfstributton — Pelagic m the coastal plankton of the European seas; 
m the North Atlantic abundant; North Sea, Holland, Russia, Norway, 
Sweden, Denmark, Germany, Finland, Mediterranean, North Atlantic coast 
of Europe and America and California 

XLV Genus Tiiallassiothrix CIcve and Orunow 
112 Thallasswthnx hngissima Clevc and Grunow 
(Figs 352, 353, 358 and 359) 

Cleve and Grunow, Bcitrdge z Kenntmss d Ant Diat , 1880, p 108, 
De Tom, Syll Alg , Vol. H, 1891-94, p 672, Van Heurck, Traitl des Dia- 
tomdes, 1899, p 322, fig 78, Lebour, Plank Dmi N Seas, 1930, p 199, 
fig 159, Hustcdl, Rabenhorst’s Kryptogamen-Fl , Bd VIT, Teil 2, 1931-32, 
p 247, fig 726 

Synedra Thallassiothrix Cieve, Diat Arct Sea, 1873 p 22; Boyer, 
Syn. N Am Diat , 1926, p 207 

Frustules free, thread like, often slightly curved Valve linear, ends 
rounded, 504-1624f4 long. 2 5 /a broad Marginal stri® about 14 in 10 /a 

Distribution —OcteiniQ plankton form in the North Atlantic, Arctic 
Sea, coasts of Scotland, Belgium, Russia, Germany. Norway, Sweden, 
Denmark, Mediterranean, Oiljfornia and Antarctic 

113 Thallassiothrix Frauenfeldii Grunow 
(Figs. 349, 351, 354-357 and 360) 

Cleve and Grunow, Beitrdge z Kenntniss d Arct Diat , 1880, p 109; 
Castracane, Diat Chall , 1886, p 54, PI XIV, figs 7, 8, De Tom, Syll Alg , 
Vol II, 1891-94. p 672, Van Hcurck, Tratti des Diatomies, 1899, p 322, 
PI. XXX, fig 839, Gran, Nord Plmik , Bot Teil 1908. p XIX 116, fig 159, 
Boyer, Syn N Am Diat,, 1926, p 214, Lebour, Plank Diat N Seas, 1930, 
p 200, fig 161 ; Hustedt, RabenhorsPs Kryptogamen-Fl , Bd VH, Teil 2, 
1931-32, p 247. fig 727; Allen and Cupp, Plank Dial Java Sea, 1935, 
p 154, fig. 97. 
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Astenonella Svnedroeformis Grevillc, Descrip Genera and Sp. 

Hong Kong, 1865 b, p 4, PI V, figs 5, 6 

Frustules forming stellate or zig-zag chains, or both tendency in the 
same chain, in girdle view linear, both the poles distinct and dissimilar, 
98-210/* long Marginal striae 12 in 10/* 

Dhtribiit^on, — Predominaling jn the warmer seas, coastal plankton of 
the Mediterranean; rare in the North Atlantic, coasts of England, Scotland, 
Belgium, Russia, Germany, Norway, Sweden. Denmark, North Atlantic 
coast of America 

XL VI Genus Asterionella Hassal 

114 Astenonella japonica Cievc 
(Figs 361 and 371) 

Gran. Mord Plank, Sot Teil, Bd VIII, 1908, p XTX 118, fig 160, 
Boyer, 5vn K Am Diat , 1927, p 560, Lebour, Plarik Dial N Seas, 1930, 
p 195. fig 155, Hustedt, Rabcnhorsl’s Krypfogamen-Fl , Bd VII, Teil 2, 
1931-32, p 254, fig 734; Allen and Cupp, Plank Diat Java Sea, 1935, 
p 155/ fig 98, Venkataraman, S / Dial , 1939, p 309, fig 34 

Asterionella glaciahs CuhtT^iC^TM:, Diat C/ia// , 1 886, p 50, PI XIV. fig 1, 
De Tom, Syll Alg , Vol 11, 1891-94. p 679 

Frustules linear, narrow with parallel sides, broadened at the base, 
forming spiral colonies; 46-103/* long, 7-10/* broad The stnse are very 
difficult to discern. 

Distnbution —In the coastal plankton of the European seas widely 
distributed, and not rare, in the southern North Sea rather frequent; 
California, Java; also recorded m brackish water 

Sub-order Monoraphidm 
Family Achnanthoidea 
Sub-famtly Cocconeideae 
XLVIl Genus Cocconeis Ehrenberg 
Sub-genus Cocconeis 

1 1 5 Cocconeis sigmoides sp. n ov 
(Figs. 364 and 365) 

Cells elliptic, 18/* long, 10/* broad Raphe-less valve with slightly 
radial transapical striae, striae about 18 m 10/*. The transapical striae crossed 
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by five longitudinal stria Pseudoraphe very narrow Valve with raphe, 
With slightly radial punctate slnac, about 20 m 10^ Raphe somewhat 
sigmoid Axial area narrow, Central area slightly extended sideways 

This species does not agree with any of the previously described species. 
The only form which comes near this is Cocconets scutellum var stauronei^ 
*fomis W Smith with which the present foim shows a slight resemblance 
in structure, but the raphe m the present form is somewhat sigmoid whereas 
m the variety mentioned above the raphe is straight (c/ Hustcdi, 1931-32, 
p 339, fig 792) 

Distribution ~'?[2Lvkior\ of the Madras coast 

116 Cocconeis littoraU^ sp nov 
(Figs 368-370) 

Cells epiphytic on Pofysiphonia, broadly elliptic, about 20-40/t long 
and l5-30fi broad R.iphe-Icss valve with three well-defined hyaline areas 
demarcated by str'ated bands, the striae being unequal in length, strj® with a 
dot-Iike thickening at the centre Marginal stnas also varying m length, 
about 21 in 10/i Valve with raphe with somewhat radial punctate strije, the 
puncta of one alternating with those of the adjacent one giving a sort of 
areolate appearance, strias about 21 m 10 /a Raphe sigmoid Axial area 
narrow dilating into a very small central area 

This diatom does not agree with any other species so far described 
The valve with niphc shows a resemblance to the similar valve of C dirupta 
Gregory (cf Hustedt, 1931-32, p 354, fig 809 a) but differs from it the 
punctation of the sin® The punct® in the present form alternate with 
those of the adjacent stn® and are close together presenting a hexagonal 
outline, whereas in C dmpta the punct® arc in wavy longitudinal scries. 
Again, this valve shows a distant resemblance to that of C deexpiens Cleve 
(1873 <?, p, 14, PI r, fig 6, Hustedt. 1931-32. p 353, fig 808). but differs 
from It in not having the central area extended sideways The raphe-le^s 
valve shows a superficial resemblance to that of C heteroidea Hantzsch (cf 
Hustedt, 1931-32, p 356. fig 811) In the latter Diatom there arc five 
hyaline areas separated by striated bands, the middle one being larger than 
the others whereas in the present form there are only three areas separated 
by striated bands and these are of i Imost the same size 

Distribution — Plankton of the Madras coast, 
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Sub-family Achnanthaceae 
XLVin Genus Achnanthes Bory 
Sub-genus Microneis Clcve 
117 Achnanthes Stromii Hustedt 
(Figs 362-363) 

Hustedt. Rabenhorst’s Kryptogamen-FI , Bd VIT. Teil 2. 1931-32, 
p 393. fig 841 

Valves lanceolate with scarcely drawn out rounded ends, 35-41 long, 
13-17^ broad Raphe less valve with robust transapical ribs, perpendi- 
cular to the middle line, crossed by delicate longitudinal ribs. Pseudoraphe 
long, linear Valve with raphae with thread-like raphe, axial area narrow, 
widened in the middle a little Central area a small cross band, about half 
the valve breadth, Transapical stn® throughout radial. 18 in lO/i. around 
the central nodule of varying length 

Distribution — Norway 

Sub-order Biraphide® 

Fatnily Naviculoidcae 
Subfamily Naviculeaf 

XLIX Genus Mastoglola Thwaites in W Smith (1856) 

118 Mastoglola exilis Hustedt 
(Figs 366 and 367) 

Hustedt. Rabenhorst’s Kryptogamen-Fl , Bd VH. Tcil 2. 1931-32, 
p 553, fig 985 

Valves lanceolate with more or less constricted, bluntly rounded ends, 
19-21 long, and lO/x broad Raphe straight, axial area very narrow. 
Central area widened and connected to two small half-lanceolate areas, 
together forming an H-shaped figure Tninsapical stnw fine, radial. 21-24 
in 10/i Loculi bigger in the middle, broad, 5-6 in 10/i. The outer- 
most ones slightly smaller, all loculi with convex inner border 

Distribution — Indo-Malayan Archipelago 

119 Mastoglola mmuta Greville 

(Fig 372) 

Greville. New Diat IVest Ind , 1857, p 12. PI Ifl. fig. 10; Dc Tom. 
SylL Alg., Vol 11, 1891-94. p, 317; Cleve, Syn Nav, Diat, 1895, p 151; 
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Boyer. Svn N Am Diat , 1927, p 339; Alien and Cupp, Plank Dtat Java 
Sea, 1935, p. 160, fig 114. 

Valves elliptical, with produced apicuiatc ends, 21-23 /x long, 8*-10lfx 
broad Locuh 6 in 10^, equal in size, quadrate, extending to apiculate ends. 
Strife fine 

Distribution — West Indies, Trmidad, Honduras, Bahamas 
L Genus Gyrougma Hass.il 
120 Gyrougma balticum (Ehrenberg) Rabenhorsl 
(Figs 373-375) 

Clevc, Nav Diat , 1894, p 118, Boyer. Syn N Am Dtat , 1927, 
p 456; Hustedt. Pascher’s . 1930n, p 224, fig 331, Venkata- 

raman, S / Diat , 1939, p 318, figs 71 and 72 

Pleurosigma balticum W Smith, Svn Bnt Dtat , Vol T, 1853, p 66, 
PI XXn, fig 207, Pritchard, Hist Infusoria, 1861, p 917, PI Vlll, fig 33; 
Rabenhorst, FI Eu Alg , 1864, pt I, p 235, De Tom, SvU Alg , Vol IF, 
1891-94, p, 249 

Valves linear with obliquely truncate and obtuse ends, 294*332 /i long, 
29-38 ft broad Raphe dightly exceninc and somewhat flexuosc. Central 
aica small, oblique Transverse and longituainai strise equidistant, 12 in 
lOfi. 

Distribution —in salt waters common, frequent in all the coasts; 
Baltic Sea, Atlantic and Pacific coasts of America ; alsv^ recorded m brackish 
water m Madras 


LI Genus Pleurosigma W Smith 
121 Pleurosigfna galapagense Cleve 
(Figs, 376 and 377) 

Clevc, Syn Nav Diat , 1894, p 36, PI IV, fig, 16; Boyer, Syn N Am 
Diat , 1927, p 468 

Valves scarcely sigmoid, lanceolate, tapering from the middle to the 
sub*acute ends, 74 5-140fi long, 14-28ft broad. Raphe slightly sigmoid, 
central. Transverse stnse 18 in 10ft and oblique stnc 15 in lOfx 

Distribution.— Islands, 



Ttonr-FkJS 360-379 — Fig 360 Thallaasiothrlx Frauer^eidil Onmow x83. Fig. 361. 
AsttrlotteUo JapoHlca Oeve, a colony xlSO Pigi 362-363. AchcutantKes StronOt Hustedt. 
x930. Figg. 364-365. Cocc9n$U aigmoUta vp noy, x930 Piga. 366-367. Mastoghta axUis. 
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valve aad «irdle views x930 Figs 368-^370 CocconW# iitmaih sp nov x930. 
Fig. 370, aner ilructure of strut Fig. 371 Asterioneita Japonica Cleve x460 Fig 372 
Mastogtota minutu GreviHe x 930 Figs 373-375 Gyrosigma balneum (Ehrenberg) Raben- 
horat. Fig 373» x 150, 374, 150, 375, sculpturing, x 930 Figs 376-377 Meurosigma 
go/^piigenje Oeve Fig 376, x930, 377, x460 Figs 378 379 P Normanii Ralfs Fig 378. 
x220, 379, x328. 


122 Pleurosigma ehngatum W Smith 
(Figs 380-382) 

W Smith, Duit Pleurosigma. 1852, PI I, fig 4, Svn Brit Diat . 
pt 1, Vol 1, 1853, p, 64, PI XX, fig 199, Rabenhorst, FI Eu Alg , 1864, 
pt. I, p 234, Qeve and Grunow, Bettrdge z Kenntniss Arct Diat , 1880, 
p. 50, Cleve, Syn Nav Diat , 1894, p 38, Van Heurck, Traitd des Diatomies. 
1899, p 253, PL VI. fig 262, Boyer. Syn N Am Diat . 1927, p 470, Allen 
and Cupp, Plank Diat Java Sea. 1935, p 157, fig 105 

Pleurosigma angulatum W Smith var elongatum (W Smith) Van 
Heurck. De Tom. Syll Alg . Vol 11. 1891-94, p 223, 

Valve slightly sigmoid, elongated, gradually attenuate, ends acute, 
210-392 m long, 32-39^ broad Raphe central, slightly sigmoid Stricc 
21 in 10^ 

—England, Atbntic coast ol America, Java Sea 
123 Pleurosigma Normanii Ralfs 
(Figs 378, 379, 385 and 387) 

Pritchard, Hist Infusoria, 1861, p, 919, Rabenhorst. FI Eu Alg. 1864, 
pt I, p 236; Cleve and Grunow, BeitrOge z Kenntniss Arct Diat . 1880, 
p. 14, p 52, PI m. fig 67, Cleve. Syn. Nav Diat , 1894, p 40; DeTojj, Syll 
Alg .No\ II, 1891-94, p 237, Boyer, Syn N Am Diat , 1927, p 471, Allen 
and Cupp, Plank Dtat Java Sea, 1935, p 157, fig 106 

Pleurosigma affine Grunow var Normanii (Ralfs) Van Hcurck, Traiti 
des Diatomies. 1899, p 252 

Valve broadly lanceolate, slightly sigmo’d with sub-acute ends 196-322^1 
long, 41-60/i broad Transverse striae 21 in lO/x, obhque stnae 18 m lO/x 
Distribution —Europe, Atlantic coast of America, Java Sea 
124. Pleurosigma angulatum (Qaekett) W, Smith 
var stngosa (W Smith) Van Heurck 
(Figs. 383-384) 

Van Heurck, Traiti des Diatomies. 1899, p 251, PI VT, fig. 261; Cleve, 
Syn, Nav Diat , 1894, p 41; De Tom. Syll Alg , Vol IT, 1891-94, p 233; 
Allen and Cupp. Plank Diat Java Sea. 1935, p. 158, fig. 108 
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Fleurosigtm strigosum W. Smith, Notes Diat Pleurosignui, 1852, p. 7, 
PI r,lig 6; Syn Brit Diat, Vo] 1, 1853 p 64, PI XXT, fig 203; Raben^ 
horst, F/ Eu Alg , 1864, pt I, p 232; Boyer, Syn. N Am Dtat , 1927, p 472, 

Pleurosigma {strigosum var ?) convexum Grurtow, Cieve and Grunow, 
BeitrUge z Kenntniss Arct DiaU, 1880, p 50, Dc Toni, Syli Alg , VoL 11, 
1891-94, p 233 

Valves lanceolate, slightly sigmoid, ends sub-acute, 116fi long, 16*5/i 
broad Raphe more sigmoid than valve, excentnc near the ends. Trans- 
verse and oblique striae equidistant, 18-21 in 10/t 

Distribution. — England, Italy, Sicily, Fmmark, Adriatic Sea, Medi- 
terranean, Baltic 

125 Pleurosigma aestuarii Brebisson 
(Figs. 386, 393 and 394) 

W Smith, Syn, Brit Diat, Vol I, 1853, p 65, PI XXXI, fig 275; 
Rabenhorst, FI Eu Alg , 1864, pt I, p 234; Cieve, Syn Na\ Diat , 1894, 
p 42; Boyer, Syn N Am Diat, 1927, p 472 

Pleurosigma anguJatum var astuant (Br^bisson) Van Heurck, Traiti 
des Diatomies, 1899, p 251, PI VT, fig 258; Dc Toni, Syli Alg , Vol 11, 
1891-94, p 232 

Valves lanceolate, gently sjgmoid. with slightly produced ends 60-83 /i 
long, 16-20/* broad Raphe more sigmoid than the valve; excentnc. 
Transverse and oblique stri» equidistant 18-21 in 10/* 

Distribution —England, Fmmark, Italy, Lusitania, France, Atlantic 
and Pacific coasts of America 

126 Pleurosigma carinatum Donkin 

(Fig 388) 

Donkin, Marine Diat , 1858, p. 23, PI Jli, figs 5 a and b; Cieve, Syn 
Nav Diat . 1894. p. 44; Boyer, Syn N Am Diat , 1927. p 475 

Donkmia carinatum Ralfs, Pritchard, Hist Infusoria, 1861, p 921, 
pt I, PI. VIII, fig. 49, Rabenhorst, FI Eu Alg, 1864, pt. I, p. 242, Van 
Hcurck, Traiti des Df atomies, 1899, p 248, PI XXXV, fig 286 

Valves convex, linear-lanceolatc, acute at the ends, 53-60/* long, 8/* 
broad Raphe on elevated keel, diagonal m the centre and closely following 
the margins Strise 21-24 m 10/* 

Distribution .— Davis Strait. 
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127. Pleurosigma directum Grunow var. membranacea var, nov/ 

(Figs 389-392) 

Frusfules hyaline, membraneous, easily breaking down Valves lanceo- 
late, slightly sigmoid, 238-518^ long, 39"56u broad Raphe very faint, 
axial area very narrow, central area almost uivisibk* Structure on the valve 
very difficult to make out; punctate as m the other species Chromato- 
phores two long dissected bands. This form differs from the type (c/. 
Karsten, 1907, p 127, Taf XVIII, fig 5 a, c), in basing the raphe more 
sigmoid Further the cells taper somewhat more from the centre to the 
poles than in the type 

Distribution — Plankton of Madras coast 

LTT Genus Caloneis Clevc 
128. Caloneis madraspatensts sp nov 
(Fig 396) 

Valves linear-elhptical with slight transapical contraction of the border 
at the centre and blunt, boat-likc rounded poles Raphe straight Axial 
area small, lanceolate, dilating into a large elliptical central area, which has 
on either side of the nodule a crcscent-shaped figure, in which the stria 
continue faintly Stna 15 in near the margin cut by a long line 

This form does not resemble any of the forms so far described in all 
respects. However, it rescniblcs C Schroeden Hustedt (1930 a) in shape 
and C, Schumannuma (Grunow) CIcve in structure 

Distribution —Fhnkion of Madras coast 

Lin Genus Diploneis Ehrcnberg 
129. Diploneis Weissflogii (A Schmidt) Cl eve 
(Fig 397) 

CIcve, Syn Vov Diat , 1894. p 91; Boyer, Syn N Am Diat , 1927, 
p, 351 

bfavtcuia Weissflogii A Schmidt, Van Hcurck, Traitd des Diatomde, 
1899, p 194, Pi. irr, fig 148; Dj Tom, Syil Alg , Vol 11, 1891-94, p 75; 
Allen and Cupp, Piank Diat Java Sea, 1935, p. 156, fig 100, 

Valves strongly constricted, with sub-elUptical ends, 28-54/a long, 
10^24 fi broad, and at the constriction 7- 14 /a broad. Central nodule with 
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x930 Fifls 383—384 P anguiatum var* strigosa (Smith) Van Heurck* Fi* 383* x9 
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Fig. 387 rieurosigma Normami lUIft Schematic representation of sculpturing. Fig. 388 
P co/'iMtum I>otikin x 710 Figs 389-392 P directum Grottow var memhrattacea var nov 
Fig. 389, X 150, 390, x 220, 391, x 460, 392, x 220 Figs 393-394 F. mstuarti Bribiison 
Fig. 393. X930, 394, x 460 Fig 395 Diploneis pueila (Schumann?) Cteve x 930 Fig 
396 Cahneis madraspatemUt %p nov x 710 Ftg 397 Diploneis missjlogii (A Schmidt) Oeve* 
x930. Fig. 398 Diphneis ftuca var subrectanguiaris Clcve. x 710 Fig. 399 D Smithli 
(Btdbisson) Clevc x930 

approximate horns Transverse costae 9 in 10 /a, crossed by equidistant 
longitudinal costa curved outwards in the middle of the valve 

Distribution — Sandwich Islands, Singapore. Java, Ceylon and Blanken- 
berge 


130 Diploneis pueila (Schumann 1867?) Clcve 
(Fig 395) 

Cleve, Syn Nav Diat , 1894, p 92, Boyer, Syn N Am Diat , 1927, 
p 355, Hustedt, Paschcr's Susswasser^Fl , 1930 a, p 250, fig 394. 

Navicula elliptica Kutzing var pueila Schumann, De Tom, Sytl Alg.^ 
Vol II, 189K94, p 90 

Navicula {Diploneis) pueila Schumann, Schdnfeldt, Pascher’s Susswasser^ 
FI , 1913, p 67, fig 121 

Valves elhptical, 16 5ft long, 10ft broad. Central nodule large, 
quadrate, horns clear Furrows narrow, m the middle scarcely broader, 
slightly dilated around the central nodule Costae slightly radial, 12 in 10^, 
with alternating double rows of alveoli visible on careful examination. 

Distribution — Europe, recorded from brackish water also 

131 Diploneis fusca Gregory var sub-rectangularis Clevc 
(Fig 398) 

Cleve, Syn Nav Diat , 1894, p 93 

Navicula fusca Gregory var mo-rectangufans Clevc, Van Heurck, TraitS 
des Diatomies, 1899, p, 199, PI. XXVI. fig 742 

Valve more or less rectangular, ends broadly rounded, 57/* long and 
25 /i broad Central nodule clear Furrows broad, gradually tapering 
from the middle and crossed by faint prolongations of the costae Costje 
12 m 10/t, with alternating alveoli which are more or less quadrate, alveoli 
12-15 in 10ft 

Distribution.— England, Blankenbcrg, Denmark 
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132 Diphneis SmithU (Br€bisson) Clcve 
(Fjg. 399) 

f 

Cleve, Syn Nav Diat , 1894, p 96; Boyer, Syn N Am Dial, 1927, 
p 354, Hustedt, Pascher’s Sussmsw-Fl , 1930 a, p 253, fig 402 

Navicula SmUhii Bi^bisson, W Smith, Svn Bnt Diat , Vol II, 1856, 
p. 92; Rabenhorst, FI Eu Atg , 1864, pt I, p 178; Van Hcurck, Jraiti 
des Diatomhs, 1899, p. 192, Pi IV, fig 151, a, 

NaviQula {Diploneis) Smithii Brebisson, Schdnfeldt, Pascher’s Susswasser- 
FL 1913, p 69, fig 124 

Navicula eUipttca W Smith, Syn, Bnt Diat , Vol, I, 1853, p 47, PI. XVIl, 
fig 152 

Valve elliptical with broadly rounded poles and strongly convex sides, 
58^4 long, 35 /i broad. Central nodule more or less well developed, small, 
rounded quadrate Horns robust Furrows lanceolate, diminishing in 
breadth from the middle towards the poles Transapical cost® 9 in 10 p, 
radial, with alternating double rows of nlveoli Alveoli m two oblique 
rows which cross each other 

Distribution America, brackish and marine 

133 Diphneis rohistus sp nov 
{Fig 400) 

Valves linear-elhptical with broadly rounded poles; sides slightly drawn 
in m the middle, 60-74 /x long and 23-28/4 broad Raphe straight, narrow 
Central nodule quadrate, wavy at the sides, with wcU-developed horns. 
Furrows narrow diminishing m breadth from the centre towards the poles 
Transapical cost® very well developed, robust, swollen at the tip; some- 
what radially arranged, 6 m lO/i Two rows of alveoli on either side of the 
central axial area, one against each costa, but interrupted in the middle 

This form resembles Diploneis interrupta (Kutzing) Clcve (cf Hustedt, 
1930 a, p 252, fig 400) m the nature of its costa? But D interrupta is linear 
elliptical m outline with highly constricted sides, the constriction nearly 
dividing the cell into two elliptical halves, whereas the present form is only 
slightly drawn m at the sides The stria in the former are interrupted in 
the middle whereas they are not interrupted m the present form. 

Distribution —Fhnkton of the Madras coast 
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LIV Genus Navicula Boxy 
Section Lineolatie Clevc 

134 Navicuh hn^a (Gregory) Ralfs 

(Fig 401) 

Pritchard, Hist Infusoria, 1861, p 906, De Tom. Syll Alg , Vol 11, 
1S91-94, p 17 » Van Heurck. Traiti des Diatomic^, 1899. p 185, PI XXV. 
fig 716, Boyer. Syn N Am Diar , 1927, p 397 

Pinnularia hnga Gregory, Post Terliary Dtat , 1856. p 47. P' V, 
fig 18, Rabenhorst. F/ Eu Alg, 1864. pi T. p 218 

Valves rhombic elongated wuh acute ends. 55 ft Jong, 10 broad 
Axial area narrow; central area small Stride 9~12 in JOft radiate, lined 
across, lines about 30 in 10ft 

Distribution - Scoildnd. Atlantic coast of America, and Colombo 
Section Lyratx Cl eve 

135 Nantuhi Hennediii W Smith 

(Fig 402) 

W Smith. Syn Brit Diat . Vol 11,1856 p 93, Gregory, Post-Tertiarv 
Dtat, 1856. p 40, PI V. fig 3, Pritchard, Hist Jnjiisona, 1861, p 898, 
PI VII. fig 69, Rabenhorst. F/ Fu Alg, 1864.pt 1. p 178, D. Tom. Sy// 
Alg, Vol IT, 1891-94. p 103, CIcve, Svn Na\ Diat , 1894. p 57. Van 
Heurck. Traite des Diatomde^. 1899, p 204. PI TV, fig 160. Boyer. Syn 
N Am Dtat , 1927, p 413 

Valves elliptical, 39 5-61 5 ft long, 21 5-36 Si* broad Lateral areas 
broad, semilanceolatc, with almost parallel inner margins Stntc 12-15 in 
10m. 

Distribution —England. Belgium. Italy. Greenland, Spitzbcrgen. 
Finmark, Lusitania, Adriatic, North America and Ceylon, 

Navicula Hennedyu W Smith 
var nebulosa (Gregory) Cleve 
(Fig 404) 

Cleve. Syn Nav Diat , 1895. p 58, Van Hcurck. TraitS des Dtatomles, 
1899, p 204. Pi. XXVII, fig 755, Boyer. S>« N Am, Diat , 1927, p 413, 

Navicula nebuiosa Gregory. Diat firth of Clyde, 1857 6. p 480. PI IX. 
fig. 8; De Tom. SyK Alg , Vol tl. 1891-94, p 107 

87 
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Valves somewhat elbptical, 33 /a long, IQ^ broad. Lateral areas clear, 
prominent, suddenly narrowed at the ends, smooth. Stria about 18 in 
10 fi, punctate. 

Distribution —Iceland, Ireland, North Sea, and probably Belgium 

136 Navicula clavata Gregory 
(Fig. 403) 

Gregory, Post-Tertiary Diat , 1856, p 46, PI. V. fig. 17; Clevc, Syn 
Nav Diat, J895, p 61 

Navicula Hennedyii W Smith var chvata Van Hcurck, Traitd des 
Diaiomies, 1899, p 204 

Navicula Hennedyii W Smith var ? clavata (Gregory 7) De Tom, Syll 
Alg.Wo\ n, 1891-94, p 104 

Valves elliptical with rostrate ends, 50-66 5/i long. 30-36 *5/* broad. 
Marginal stnac 12-15 m 10/x, axial stria 15-18 in lO/i. 

Distribution — Blankenberg, £ t gland, Iceland 

137 Navicula forcipata Greville 
(Fig 405) 

Greville, Desenp New Sp Brit Diat , 1859 a. p 83, PJ VI, figs 10 
and 11; DeToni, Syll Alg ^ Vol 11, 1891-94, p 97, Clcve, 5>/i Nav Diat, 
1895, p 65, Van Hcurck, Traiti des Diatomies, 1899, p 203, PJ IV, fig 
163; Boyer, 5v/i N Am Diat , 1927, p 416 

Valves elhpticai with rounded ends, 30/^ long and 20 ia broad. Lateral 
areas narrow, constricted in the middle, convergent at the ends. Striae 
12 in lOft; closely punctate 

Distribution —England, Belgium. Adriatic Sea, Atlantic and Pacific 
coasts of America 


LV Genus Pmnularia Ehrenbcrg 
Section Distantes Cleve 
138. Phnularia alpbta W Smith 
(Fig 406) 

W. Smith, Syn, Bnt Diat , Vol 1, 1853, p 55, PI XVUF, fig. 168; Cleve, 
Syn, Nay, Diat, 1895. p, 81, SchOnfeldt, Pascher’s Susswasser-Fl, 1913, 
p. 105, fig. 225; Hustedt, Pascher’s Stisswasstr-Fl, 1930 tf, p. 324, fig, 594 
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Navwula alpma Ralfs, Pritchard, Hm Infusona, 1861. p 906, Raben- 
horst,FI Eti Alf(.pt I 1864, p,215, DcTon*. Syli Alg.. Voi II, 1891-94, 
p 16; Van Heurck, Traiti des Dmtomies, 1899, p 169, PI XXV, fig 705 

Valve elliptic-JanceoIate with rounded obtuse ends, 85ft long and 28 5 ft 
broad Axial area somewhat wide, hnccolate Stnse broad, smooth, 
radiate, transverse at the ends, 4 m 10/i 

Distribution —France, Iceland rnd Scotland 

LVI Genus Trachynets Clevc 
139 Trachyneis aspera Ehrenberg var ^enuma Cleve 
(Fig 408) 

Cleve, Syn Nav Dial , 1894, p 191 , Boyer, Svn N Am Dial , 1927, 
p 428 

Navicula aspera Ehrenbcrg, De Tom. SvU Al^ . Vol tl, 1891-94, p 109, 
Van Hcurck, Traiti des Diatomies, 1899, p 205, PI IV, fig 165 

Valves hncar-ianceolale, with obtuse ends, 52-224/x long, and 10*5- 
21 *5/4 broad Axial area broad, stauroid, truncate, not reaching the sides 
Transapical stn® alveolate, 10 m 10^ Longuudmal strjje very fine, 24 in 

Distribution ^-Britain, Belgium, Mediterranean, Aanatic Sea, America, 
Borneo, Ceylon and Aden 

140 Trachyneis Antillarum Cleve 
(Fig 409) 

Cleve, Syn Nav Diat , 1894, p 193, Boyer, Svn N Am Diat , 1927, 
p. 429 

Alhioncis (?) Antillarum Cleve and Grunow, Clevc, Diat West Jnd 
Arch, 1878, p 8 PI II, fig 11, 

Scobopleura AntiUaium (Cleve and Gruno\\) De Toni, Svll Alg , Vol 11, 
1891-94, p, 265 

Valves linear-elhptical with obtuse ends, 89 5‘114/x long, 33-35 5p 
broad Raphe excentrjc, axial area more or less broad, irregularly linear 
and unilateral Transverse stn» in radial rows, alveolate, ^12 rows 
in 10 ft 

Distribution — West Indies, Florida, Campeche Bay and Indian Ocean, 
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Sub-family Ampbiproroide* 

LVII Genus Amphiprora Ehrcnberg 
141. Amphiprora gigantea Grunow 
var sulcata (O’Meara) Clcvc 
(Figs 410 and 413) 

CIcve, Nav Diat , 1894, p 18, Allen and Cupp, Plank Diat Java 
Sea, 1935, p 160, fig 113 

Amphiprora sulcata O’Meara, On Some New Sp Amphiprora, 1871, 
p 22, PI III, fig 3, De Tom, Syll Afg , Vol II , 1891-94, p 334 

Cells strongly constricted. Keel with hyaline margin Junction line 
curved like a bow Cells 64-91 p long Keel punctae forming obliquely 
decussating rows, 15 rows m 10 u Stna curved Connecting zone with 
numerous longitudinal divisions Stn« on the connecting zone 18 in 10^. 

Distribution ~“Jiva Sia and Indian Ocean. 

LVllI Genus Tropidoneis Clevc 
142 Tropidoneis semistriata Grunow 
(Figs, 411 and 412) 

Cieve, Syn Nav Diat , 1894, p, 27, PI III, figs 9, 10. 11. 

Valve membraneous, lanceolate, acute, in girdle view slightly con- 
stricted, 124;i long and 18/i broad Keel somewhat cxcentnc Srrj« 18 
m 10^, not reaching the margin of the valve 

Sub-famth Gomphocymbelloide® 

LIX Genus Amphora Ehrenbcrg 
Sub-genus Oxyamphora Clevc 
143 Amphora Uneolata Ehrenbcrg 
(Fig. 407) 

Kdxzvng, Sp Alg . 1849, p 94; Pritchard, /fist Infusoria, 1861, p 883; 
Rabenhorsl. FI Eu Alg, pt. I, 1864, p 92; De Tom, Syll Alg, Vol II, 
1891-94, p 394; Clcve, Syn Nav, Diat , 1895, p 126; Van Hcurck, Traiti 
des Diatomies, 138, PI T, fig 10; Boyci, Syw. Am Diat, 1927, 

p. 264. Hustedt, Pascher’s Su$swasser-Fl , 1930 a, p 346, fig. 636. 

Amphora"^ tenera W Smith, Syn. Brit. Diat, Vol 1, 1853, p 20, 
PI. XXX. fig. 252, 
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Amphora pUcata Gregory, Post-Tertiary Diat , Glenshira^ 1857 a, p. 70, 
P). I. fig 31 

Frustulcs hyaline, weakly siltcified, in girdle view rcctangular-elhptical, 
with slightly convex sides, 66-93 long, 31 5-52 5 ft broad (girdle view). 
Intercalary bands numerous, 10 in 10^ Raphe* with straight branches, 
which run back from the central nodule dorsal-ward Axial area narrow, 
central area absent. Transapical strije very slightly radial 18-21 in 10#*, 
finely punctate. 

Distribution,--B\axik€nbcrg, England, Sweden, Tropical America 
144 Amphora decussata Grunow 
(Figs 414 and 415) 

Dc Tom, Syll Alg , Vol II, 1891-94, p 378; Clcve, Srn Nav Diat, 
1895, p 128, PI IV, fig 10, Boyer, Syn, N Am OJbt , 1927, p 267; Allen 
and Cupp, Plank. Diat Java Seas, 1935, p 161, fig 116 

Frustules thm, elliptical, with truncate ends, 78-99 5#* long, 28-50#* 
broad (girdle view) Zone with numerous divisions 10“*12 in 10#*, very 
finely transversely striate. Raphe close to the ventral margin Central 
nodule dilated into a transverse stauros Dorsal side with oblique stria 
15-18 m 10/i, turned in opposite directions from the central stauros, crossed 
by undulating narrow transverse bands, giving the stn® a punctate appear- 
ance, the punct® being slightly elongated. 

Distribution — Honduras, coast of Barbadocs and Java 
145. Amphora ostrearia Brebisson 
(Figs 418 and 419) 

Kutzing. Sp A!g . 1849, p 94, Pritchard, Hist Infusoria, 1861, p 881; 
Rabenhorst, Ft Eu A!g , pt T, 1864, p 88, De Tom SyH A!g , Vol U, 
1891-94, p 376; Clcve, S\n Nav Diat , 1895. p 129, Van Heurck, Traiti 
des Diatomies, 1899, p 139, PI I, fig I; Boyer. S\m N Am Diat , 1927, 
p. 265 

Amphora quadrata Brebisson, Kutzing, Sp Alg . 1849. p 95, Pritchard, 
Hist Infmoria, 1861, p. 881 

Amphora ostrearia var quadrata (Brebisson) Rabenhorst, FI. Eu Alg , 
pt. I, 1864, p 88; Dc Tom, Syll Alg,\o\ IT, 1891-94, p 376 

Amphora membramcea W Smith, Svn Bnt. Diat , Vol. I, 1853, p. 20, 
PI II, fig 29; Pritchard, Hist Infusoria, 1861, p. 881, Rabenhorst, Fi Eu. 
Alg., pt. I 1864, p. 87; De Toni, Syil. Alg, \ol U, 1891-94, p. 377. 
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iineohta Bhieoberg x460, Fig 408 Trachvtuis ajpera Ehrcnbcfg var genuina cicve v428 
Fig 409 T antitlarum Cteve x 460 Fig 4J0 Amphiprora gigantea var sulcata (O’Meara) 
Cieve, aculpturillg, x390 Fig« 411-412 TropUhaeh temhtnata Grunow <460 Fig 413 
Amphiprant gigantea var ra/ca/a (O’Meara) Ocve x 710 Figs 414-415 Amphora decussata 
Grunow Rg. 414. x325. 415. x930 

Amphora elegans Gregory, Post-Ternary Diat Glenshira, 1857 ct, p 70. 
PI I, fig. 30; Pritchard, Hist Infusoria, 1861, p 881, Rabcnhorst, FI Eu 
Alg , pt. 1, 1864, p 87; De Toni. Syl! Alg , Vol IT. 1891-94. p 381 

Amphora Utorahs Donkin. Mar Diat Northumberland 1858, p 30, 
PI IJl fig, 15, Rabenhorst. /7 Eu Alg, pt I, 1864, p 89. De Tom. Syll 
Alg , Vol. II. 1891-94, p. 380 

Frustules weakly sihcified, elliptical to quadrate m outline Zone with 
numerous divisions, striated. Valve of various shapes depending on posi- 
tion. 68-79/* long and 18-21 5ft broad, striated, strias 12 in 10/*, punctate 

Distribution -Calvados. France (in oysters), England 
LX Genus Cymbella Agardh 
146 Cymbella manna Qistracanc 
(Fig 416) 

Castracane, Did/ Chall , 1886, p 21. Pi XXVil. fig 13, De Tom, Syll 
Alg.NoX II. 1891-94, p 359 

Cells linear, ventral margin straight, dors.il arcuate Raphe somewhat 
broad. Axial area narrow, central area slightly dilated Stn© radial, 
15 in 10/A. 

Dw/ribiuiort— Japanese Sea 

family Nitzschiaceae 
Sub-farmlv Nit/schioidca; 

LX I Genus Bacillana Gnielin 
147. Bacillana paradoxa Gmciin 
(Figs 417, 421 .ind 427) 

W. Smith. Syn. Bnt Diat, Vol II, 1856, p 10, PI XXXII, fig 279, 
Pritchard. Hist Infusoria, 1861, p 784, P! IX. figs 166, 167; Dc Tom. 
Syll i4/g..Vol 11, 1891-94, p 493, Grm, Nord Plank,, Bot Teil, Bd VIII, 
1908 , P.7GX13L fig Schdnfe’dt, Pascher’s Sus5wawer-f'/., 1913, p 149, 
fig 328; Karsten, Nat Pflanzenfam , 1928, p 294, figs, 100, 190, 399, 
Labour, Diat N Seas, I93p, p 211, fig. 175, Hustedt, Pascher’s 
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Suiswasser^Fl , 1930 a, p 396, fig 755 , Allen and Cupp, Pfmk Diat, Java 
Sea, 1935, p 162, fig 117, Venkataramau, 5 / DtaL, 1939, p, 351, figs 144 
and 145 

Nitzschia paradoxa (Gmchn) Grunow, Van Heurck, Traiti des Diato^ 
mies. 1S99, p 392, PI XVl. fig 518 

Nitzschia paxilhfer (O F Mullet) Heib , Boyer, Syn N Am Diat., 
1927, p 509 

Cells in girdle view linear and rectangular, united by their vahes to form 
a mat-likc colony, the individual cells of which exhibit gliding movements 
m the living condition. Valves linear spindle-shaped m outline, 112*196/* 
long, 6 *5- 9 ft broad Kiel punctae 7-8 in 10/* Transapical striae fine 
21 in lOft 

Distribution coast. Californian coast, Java Sea, recorded 
from brackish water in Madras 

LX If Genus Nitzschia Hassal 
Section Pandunformis Grunow 
148 Nitzschia pandunformis Gregory var contmua Grunow 
(Fig 425) 

Cleve and Grunow, BeitrUge z Kenntmss Arct, Diat , 1880, p 71, PI. V, 
fig 92; De Toni, Svii Alg , Vol II, 1891-94, p. 502; Boyer, Syn N Am, 
Diat. 1927. p 498 

Cell elliptical, slightly constricted m the middle, extremities somewhat 
pointed, 20-35/i long and 10-12/* broad. Keel punctas 9-12 in 10/*. 
Valve finely punctate, punct« 21-24 m 10/*. arranged m three line system. 

Distribution —Arctic Sea, Adriatic, Mediterranean, Atlantic coast of 
America and West Indies 

Section Lmearcs (Grunow) Hustedt erw 
149 Nitzschia vitrea Norman 
(Figs 420 and 422) 

Norman, On some mdescnb Sp Diat , 1861, p 7, PI 11, fig 4; Raben- 
horst, FI Eu Alg, pt 1, 1864. p 152; Cleve and Grunow, Beitrdge t, 
Kenntmss. Arct, Diat,, 1880, p 93, De Toni, Syll Atg , Vol 11, 1891-94, 
p, 536; Van Heurck. Traiti des Diatomdes, 1899, p 399, PI XVI, fig. 544; 
Boyer, N Am Diat, 1927, p. 519; Kolbe, Brackwasser-Diatomien, 
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1927, p. 98, PI, lU, fig 42, Hustcdt, Paschcf*s Susswasser-Fl , 1930 a, 
p 411, fig, 787, Vcnkataraman. S / Diat , (939, p 355 fig, 143 

Cells in girdle view huear-rcctangular, with somewhat parallel sides and 
rounded comers Valves linear, slightly constricted in the middle, with 
rounded ends, 28^140 long, 4^ broad Kiel purct® 7-8 in 10^ Trans- 
apjcal striae 21-24 in 10/x, fine 

Distribution — England. Arctic Sea. Anvers, east coast of Greenland, 
and in the river Coom in Madras 

Section Sigmoideic (Grunow) Hustedt erw 
150 Nitzschia si^ma (Kutzing) W Smith var indka Karsten 
(Figs 42^, 424, 4'^0 and 431) 

Karsten. Valdman Expedn 1907, p 400. PI LTV, figs 11a and 11 & ; 
Allen and Cupp, Plank Diat. Java Sea, 1935, p 163, fig 120 

Valves linear, slightly sigmoid in girdle view, m valve view almost 
straight, considerably diminished m sire at the extremities and elongated, 
280-3l2fi long, 11^* broad Kiel punctas 5-6 in lO/i. 

Distribution - -Indian Ocean, Java Sea 

Section Nitzschieilae (Rabenhorst) Grunow 
151 Nitztchia Clostcrium (Lhrcnberg) W Smith 
(Figs 426. 428 and 429) 

W Smith, Syn Brit Dwt . Vol I. 1853 p 42. PI XV. fig 120; Cleve 
and Grunow, Seitrd^c r Kennlntis A ref Duit 1880, p JOl , Gran, Nord 
Plank., Bot Tetl, Bd VIH. 190S, p XIX 129 fig 172, Boyer, Syn N Am 
Diat, mi, p 526, Lebour, Piank Diat N Seas, 1930. p 212, fig 176; 
Hustedt, Pdscher’s Su.v.SM’as5tr-F/ , 1930 a p 424. fig 822, Allen and Cupp, 
Plank Dtat Java Sea, 1935, p 163 fig 122, Venkataraman, S f Diat , 
1939, p 356. figs 132 and 133 

Ceratoneis Ch^tenum (Ehrcnbcrg) Ralfs, Pritchard, Hist Infusoria, 
1861, p 783, Pi XILfig 59 

Nitzschtella Closterium (fihrcnheig) Rabenhorst, F! Eu Alg , pt I, 
1864. p 163. 

Nitzschia curvirosin^ Cleve var Chstenum (Ehrenbcrg) Van FIcurck, 
De Tom, Syli A!g , Vol IT. 1891-94, p 548 

Nitzschia hngtssima (Brebisson) Ralfs vai Ciosterium (W Smith) Van 
Heurck, Traitl des Diatomee^, 1899. p 405. PI XVII, fig 570 
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Text-Figs 4lfr-440 —Fig 416 Cpmhe/fa manna Castracane x 930 Fig 417 Badffaria 
paradoxa Gmelm x 930 Figs 418-419 Amphora oUrearUi Brtbiason Fig 418, x 460. 
419, y 428 Fig 420 Sttzschta vftrea Norman a 710 Fig 421 BacUhria paradoxa 
Gmetin. Valve view, middle portion / 930 Fig 422 hfitzschh vitrea Norman, x 930 
Figa 423-424 Nitzschia sterna var indica Karsten '<710 Fig. 42S. N paruUtriformit var. 
Oninow X 930 Fig 424 Suischia ChsterUm (Ehrenberg) W Smi^ X 426. 
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Fig. 427 BaciUaHa paradoxa Gmelm Figs 428-429 JVitzschia Chsterium (Ehren- 

berg) W Smith X 428 Fig^ 430 431 IV ^ftma var mdica Karsten - (50 Fig» 432-434 
N seriata Qeve ftg 432, ^ 220, 433. ^ 930, 434. > 930 Figs 435 437 V hn/thfima 
(Bfi6bi8»on) ReJfs Fig 435. - 930 436, * 53. 437, v 428 Fig 438 Sunrefh flummemis 
Gnmow k710 Fig 439 S i'Xiww GreviJle < 328 Fig 440 Campytodtscu^ lyef^atH sp 
nov x460 

Cells living free, motile Valves spindle-shaped in the middle, ends 
extended into long beaks usually slightly bent or curved in opposite direc- 
tions, 35-'154f* long. 3 5-7/4 broad Stnation not visible 

jDfy/r/ftw/io/i,— Ubiquitous along the coasts, Davis Strait, England, 
Scotland. Norway, Sweden, Denmark, California, Java Sea, and brackish 
water m Madras 

152. Nitzschia longtssima (Brebisson) Ralfs 
(Figs 435-437) 

Clevc and Grunow, Beltrtigc z Kenntniss Arct Diat , 1S80. p 100, 
De Tom, Sylt Alg » Vol II, 1891-94 p 547, Van Hcurck. Traiid des Dia* 
tamdes. 1899, p. 404. PI XVU, Dg 568, Boyer, Syn N Am. Dmt . 1927, 
p. 526, Allen and Cupp. Plank Dmi Java Sea, 1935, p 163, fig 121 

Nitzschia birosirata W Smith Syn Brit Diat , Vol f, 1853, p 42, 
PI. XtV, fig 119 

Ceratoneis hngisstma (Brebisson) Ralfs, Pritchard, His( Infusoria, 
1861, p 783. 

Nitzschiella longisuma (Brebisson) Rabenhorst, Fl Eu. Alg , pt T, 
1864. p, 164 

Cells living singly, motile, 89- 560 long and 3 5-5 5 /a broad. Central 
enlarged portion lanceolate Ends hair-hkc. elongated, nearly straight 
Keel punctsft 12 m 10 /a Stria? not recognisable 

D/y/r/6wtiow —England. Fnncc, Denm irk, Virgin Islands, Shark River. 
New Jersey, Pacific coast of America, Java Sea 

153 Nitzsihia senata Clevc 
(Figs 432-434) 

Dc Tom. Syll Alg, Vol II, 1891-94, p 501, Gran, Nord Plank, 
Bot TetL Bd VIU. 1908, p XIX 129, fig. 174, Boyer, Svn N Am Diat, 
1927, p 526, Lebour, Plank Diat N Seas. 1930, p. 213. fig 178, Allen 
and Cupp, Pkink Dial Java Sea, 1935, p 164, fig, 124 
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Cells spindle-shaped with more or less pointed ends, 50- 131/* long 
and 3 5-5 /a broad, forming long ch'uns, the ends of cells lying adpressed to 
each other for a short distance Stnjc 12 in 10/* 

Distribution — Davis Strait, England, Scotland, Holland, Belgium, 
Germany, Norway, Sweden, Denmark, Atlantic and Pacific coasts of 
America and Java sea. 

Family SuRmELLACF^E 
Sub-famdv Surircllotde^ 

LXIIT Gcr.us Surirella Turpin 

154 Siinrella flummensis Grunow 

(Fig 438) 

Allen and Cupp, Plank Diat Java Sea, 1935. p 164, fig 126 

Sunrava flumensi<^ Grunow, Rabenhorsl, FI Eu Alg , pt I, 1864, 
p, 58, Dc Tom, SyU Alg^Yo] U, 1891-94, p 587 

Valve ovate, 50/* long and 35/* broad Ribs or canalculi few, about 10, 
inflated towards the margin, reaching narrow median canal (except last 
pair) Median canal not clearly recognisable Marginal striae 24 in 10 f*. 

Distribution — Adriatic Sea and Java sea 

155 Surirella eximia Grevillc 

(Fig 439) 

Grevillc, Desenp Diat West Ind , 1857, p 10, PI. Ill, fig. 6. 

Suriraya eximta (Grcville) De Tom, Syll Alg , Vol II, 1891-94, p, 585. 

Valve hnear-oblong. rounded at the ends, very slightly constricted in 
the middle, 95/* long, 43/* broad Canaliculi delicate, about 19 on each 
Side reaching the narrow, linear, transversely striated median space, which 
IS attenuated towads the ends. 

Distribution — West Indies. 

Sub-family Compylodiscoideae 

LX IV GenUvS Campylodiscus Ehrenbcrg 

156 Campylodiscus Jyengarii sp nov. 

(Fig. 440) 

Cells m valve view orange shaped in outlme, 64/* (short axis) and 74 /* 
(long axis) in diameter Rays curved, in lines radiating from a lanceolate 
median space, raysi 4 in 10/* 
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This diatom shows a resemblance to Campylodiscus RaffsU W* Smith 
(1853, p 30, Pi XXX, fig 257, cf also Gregory, 1857/?, p. 502. PI XI, fig 52) 
in structure but the valvar plane in C Ralfm W Smith is not bilaterally 
symmetrical as regards its structure m the present diatom whereas the 
structure on the valve — the rays, arc arranged symmetrically on either side 
of the central space It shows a resemblance to C angulam Gregory {cf, 
Qemeinhardt, 1935, PL XVI, fig 208) but this foim is more or less circular m 
outline, With elliptical middle space and larger number of canaliculi Again, 
it shows a resemblance to C biangulatus Greville (1862. p 20. Pi III, 
fig, 2) as regards the structure but this form has a circular outline with a 
broadly linear smooth median space, whereas the present form is orange- 
shaped in outline with a lanceolate median space 

Distribution — Plankton of the Madras coast 

In conclusion, the author wishes to express his great indebtedness to 
Prof MOP Iyengar, M A , Ph D (Lend ), F L S , for his constant gui- 
dance and help throughout the course of the present investigation. The 
author's sincere thanks are also due to the authorities of the University 
of Madras for the award of a Research Fellowship during the tenure of 
which the major portion of this investigation was carried out 
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Introduction 

The study of storage disorders of fruits due to certain fungi has received 
a good deal of attention in countries outside India, but contributions fbm 
here are only a few and relate, so far the author’s information goes, to 
plantauis (Dastur, 1916) and oranges (Ohatak, 1938) only. The lack of this 
kind of work in this country is chiefiy due to the insignificant exfiert-Mid 
the inability of the dealers to recognise the utility of application of saentiflc 
medtods in fruit mdustry, which still rtfuains much undeveloped although 
It has received a good deal of impetus quite recently But with the pros* 
pect of increased requirements and demands the problem of storing and 
transiting fruits is likely to become as mqiortant here as elsewhere. As 
is alreadyjcnown from the works in other countries, the fUngal organisms 
1 are major causes of disorders both in storage and transit. M^th this view 
the present work has been started to find out the fUngi causing the decay 
of fruits under local storage conditions, since in any attempt to adopt 
control measures the causal organisms and the sources of infection must 
be known beforehand. The present study deals with the storage diiorden 
ui certain Lucknow shops and other places of local storage. The inveati* 
gation covers several kinds of fruits, namely mangoes, apples, pears, 
peaches, oranges, pomegranates and grapes. Mango has been given more 
attention as it forms the staple fruit of the United Provinces. The stts« 
pected souices of infection, namely the surface of the fruits, the aUnospihere 
of storage places and mango orchards and the early infections known aa 
* latent uifections * have been tested, in the li^^t of previous information, 
under the mudi different storage conditions prevailing here. 

ExmtHBNTAL 

Itolation of Pbagi.— Samples of bruits were brought to the laboratory 
m separate sterile containers from the local storage and market placet. 
These samples were obtained at intervals of fifteen days during two fruit 
seasons (1937 and 1938). 

In order to find out the organisms occurring r n tl e surface of both 
diseased and healthy fruits, every fruit was given three separate waihiogs ill 
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succession with sterile distilled water The whole quantity of each suc- 
cessive Washing was separately mixed with a given quantity of standard 
medium and poured in plates which were then incubated at room tempera- 
ture (about 30® C«) It Was observed that in the culture plate of the first 
washing too many fungal colonies appeared close to one another, and for 
this reason m subsequent operations, the first washing was diluted with sterile 
distilled water and small quantities of this was mixed with the given amount 
of standard medium. The plates were examined on the tiurd day and the 
fungi appearing were isolated and subculturcd in tubes Only one examina- 
tion of each plate was made in order that the result may not be vitiated by 
the contaminations occurnng during the examination 

The washed fruits were then utilised for isolating the fungi present in 
the tissues The diseased ones were used for finding out the organisms 
causing the decay and the apparently healthy ones for detecting ‘ latent 
infections ' In each case the fruits were surface sterilised by keeping them 
in a saturated solution of borax for about half an hour ard later in 0 1 % 
mercuric chloride solution for two to five minutes according to the nature 
of the fruits, and finally washing with sterile distilled water several times 
Small pieces of the fruits were cut out rapidly with a sterile knife and placed 
in petndishcs containing the standard medium In the case of decayed 
fruits the pieces were taken from the parts showing spots, badly rotted areas 
and apparently imaffected portions In the case of * latent infections * the 
organisms have been isolated from apparently healthy fruits in storage 
In each case quite a number of fruits and at different times of the season 
were used and the organisms were obtained from most of them. In the 
case of mangoes, fruits of different ages both from the mango orchards and 
storage places were tested The term * latent infections ’ has been used 
rather in an extended sense than employed by Baker and Wardlaw (1937). 

To find out the fungi occurring in the atmosphere of shops and mango 
orchards, petndiahes containing nutrient medium were exposed to the res- 
pective atmospheres for two minutes at different tunes of the season. The 
exposed plates were brought back to the laboratory and after incubation for 
three days the fungi obtained were subcultured from the developing colonies 
The entire operation was done under aseptic conditions. 

Pure cultures of the isolated fungi were obtained by using monohyphai 
Hp or single spore culture methods 

The fhngi which sporulatcd have been identified. Some which did not 
produce spores have b^en provisionally eliminated from the text, but their 
cultures have been retamed* Most of the fungi were identified by the author 
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at the Imperial Agricultural Research Institute, New Delhi, and the rest at the 
University of Lucknow Confirmation of the specific identification, in some 
cases, from the respective authorities could not be obtained due to the War 
conditions Description, spore measurements, camcra-lucida drawings, etc. 
of the organisms obtained are not being included here for the sake of brevity. 


A list of (he fungi isolated from the various sources is given 
Table!. 


Table I 


is 


Table showing a list of fungi obtained from the yartous sources 


Type of 
KruU 

Fungt Isolated | 

Sotuce of Isolations 

Tissaes 

of 

Diseased 

Fruits 

* Latent 
Infec- 
tions 

Surface 

of 

Diseased 

Fruits 

Atmo- 
sphere of 
Storage 
Places 

Mango 

Atpefgtiltts ven Tiegh, 


+ 


+ 

+ 


Asperf^llus mdulans (Eidam) Wmt 

,, 

+ 

+ 

+ 

+ 


Astir itllui fumtgatHS Freamtus 


— 


+ 

+ 


Asptrfiillus mrucidour Br) Thotn and Raper 

+ 

— 

— 

— 


AUirnarta sp (A1 1) 

,, 

— 


+ 

— 


Aitirnarsn ep. (Al 2) 


— 

— 

— 

•P 


Aeriftkiaum Pinntsttt MUra 


+ 

— 

— 

+ 


CoiUtttnrhum aspat (Syd,) comb nov 


■f 

+ 


— 


Ptntcillmm fillutaHum Bioarge 


- 

“ 

- 

•f 

Apple 

Aipiritllus mgtt Van Tlegh i 



- 

' + 



Asptrttllus fumtgtUus FrettinlusJ 

,, 

+ ' 

— 

+ 

+ 


candidus Link i 

,, 


— 

— 

— 


Acrethfctmn p^nmsiti Mitra 

.. 

•f 


— 

+ 


AUimarm sp. (Al 1; 

, 



— 



Collitttrukum sp. 


+ 


— 

— 


Pusanum sp. (F 1) 

, 


— 

-P 

— 


HhttoPut trrkitm Fisher 


- 


+ 

+ 

Pear 

Pimctlhum atrtmintosum Thom 


+ 


n 

+ 


AsptrgtllHi Kite 



— 


+ 


AiP*r£iUms mger Van Tiegh 

,, 

+ 

— 

^B^B 

+ 


Aspifittlms furntgatus Freslnias 

•• 

+ 


Bfl 

-h 

Peach 


■B 


i|B|| 

+ 

+ 






— 

+ 



IHlH 



* 

+ 

Orange 

Asptrgiilus fumtgaius JPVesinlai 


Sm 

•f 

•f 

+ 


AsptrgtUus Hi git Van Tiegh. 




+ 

+ 


AiUrnana »p, (Al 2) 



— 


+ 


PiHialUtim fillutanum Blourage 



-h 

+ 



Phi%<*pus ap 





— 


Pusanmm (P S) 

« # 



- 


Pome- 

Asptrgillms nigtr Van Tiegh 

* « 

imraii 

■Mjll 


+ 

granate 

Asp**pltH$ fumigafui Fremniaa 

k. 




+ 


PiHHiltiHm iUrtminiotufn Thom 

■ « 


IBH 

- 

+ 

Grape 

"Alurmna ap, (Al* 1) 


+ 

.. 



.. .__.J 

9rrkiim Fisher 


+ 


+ 

•f 
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Infection Experiments, —The pathogcmcjty of the fungi isolated from the 
fruits in surface washings, in decayed tissues and as ‘ latent it fectiors * was 
tested by inoculating mature healthy fruits with the respective fungus 
strains The fruits were surface sterilised by means of rectified spirit ard 
small punctures were made m them with a sterile recdle Small portions 
of agar cultures of the fungi were inoculated in the punctures which were 
subsequently sealed off with a mixture of paraffin ai d vaseline Eight fruits 
were employed for each organism and an equal number similarly punctured 
and sealed but u i inoculated were kept as controls. The fruits were wrapped 
in sterilised paper and kept at room temperature All the fungi proved to 
be pathogens. 

A preliminary experiment was also made to find out the stage of 
maturity of the mango fruits at which they were susceptible to infection by 
various pathogens Mango fruits on the tree at various stages of maturity 
were inoculated by the method evolved by Granger and Horne (1924) for 
apples. Five fungi, all isolated from apparently healthy ard decaying 
mangoes, were utilised in the experiment For each fungus eight fruits 
were used The results of the experiment are shown in Table II in which 
the fungi have been arranged m the order of their activity. 


Tabib II 

Table showing results of inoculation experiments on mangoes 


Mangoes 


Fungi Inoculated 


Date 

: Mean weight 
of fruit 

1 

Asptrgitlus 

nt^er 

AtptrgUlus 

Hidulam 

vantcQlour 

1 As,rvtktitutn 
penmicU 

1 

ColUtotncMum 

tapset 

S-6-1S39 .. 

70*34 gm 

+ 

1 





90*12 


— 

— 



5-V19S9 .. 

101-74 

+ 

+ 


- 


.. 

: US*00 

4- 

V 


— 

— 

M-1S89 .. 

121 .0S 

+ 

+ 

+ 


— 

19-7-1999 .. 

1S8 04 

+ 


\ 

+ 

+ 

Ripe mango«8 

+ 

+ 

+ 

f 

+ 


The results of experiments embodied in Table II present interesting 
features. It will be seen that mango fruits arc resistant to certain fungi 
up to certain stages of maturity of the fruits, after which the latter become 
susceptible to infection It will also be observed that the organisms consi- 
dered can be arranged in the order of their infectivity in respect to the state 
of maturity of the fruit. Aspergillus niger capable of attacking fruits cf 
all ages comes first in the order followed by A^ergillus nidulans, Asper- 
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giUus variecohur stands next. Acrotheciwn penniseti and Cottetotrichum 
capsci arc 'more or less of equal virulence and occupy a lower position, 
attacking only the slightly npe mangoes. 

insCUSSION 

Fungi obtained from the fruHs. — ^The results of investigation embodied 
m this paper reveal that a number of fungi have been obtained from the 
fruits stored in shops On comparing the isolates from the surface ard the 
tissues of diseased fruits, it is evident that Aspergillus nigen Aspergillus 
fumigaius, Aspergillus ntdulans, PenicilUum atramentosum. Fusarium sp. (FI), 
and Rhizopus arrhizus isolated from the decayed tissues, have also in many 
cases been found to occur on the surface, but there are still others which arc 
present only in the tissues or on the surface of fruits, Aspergillus tamarii 
and Penicillium fellutanum occur exclusively on the surface while Aero- 
thecium penniseti, Altemaria sp. (Al 2), Aspergillus candidus, Aspergillus 
variecohur, Colleiotrichum capsci, Colletotnchum sp , Fusanum sp. (F2), 
and Rhizopus sp have been obtained exclusively from the tissues of decayed 
fruits. 

A correlation also exists between the organisms obtained from shop 
and mango orchard atmospheres, and those obtained from the fruits diseased 
or apparently healthy ; for example Aspergillus niger, Atpergillus fumigatus, 
Aspergillus tamarii, Aspergillus nidulans, Penicillium fellutanum, PenicilUum 
atramentosum, and Rhizopus arrhizus obtamed from surface washings of the 
fruits are common to the shop or mango orchard atmosphere, as also many 
of the organisms yielded from the diseased tissues, namely Acrothecium 
penniseti, Altemaria sp (Al 2), Aspergillus niger, Aspergillus fumigatus, 
Aspergillus nidulans, Rhizopus arrhizus, and Penicillium atramentosunu 

Apart from the fungi obtained from the rotted fruits, a few have been 
isolated as * latent infections ’ from the tissues of apparently healthy fruits. 
These are Aspergillus nidulans and Colleiotrichum capsci from mangoef, 
Colletotnchum sp from apples, Aspergillus fumigatus and Penicillium fellu- 
tanum from oranges and Rhizopus arrhizus from grapes. A comparison of 
these with the organisms obtained from the diseased tissues of the respective 
fruits indicates a striking correspondence among them. For example, m 
the case of mangoes Aspergillus nidulans and Colleiotrichum capsci have been 
obtamed as ‘ latent infections * and the same organisms have also been iso* 
lated from the tissues of decayed fruits. This holds true for all the four 
types of fruits m which * latent infections ' have been obtained, except in 
the case of oranges where only one of the two fungi isolated is common to 
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the diseased fruits. Another correlation appears with the organisxns found 
m the atmosphere of shops and, in the case of mangoes, both shops and 
orchards. This indicates that the organisms obtained as ‘ latent infections * 
get entry into the fruit either when it is stored or while on the tree but the 
effects of the pathogen are only visible when the fruit is ripe 

These facts suggest that most of the organisms causing the decay of 
fruits in storage are the same as found on the surface of the fruits, in the 
atmosphere of storage places or as ‘ latent infections ’ in the tissues of appa- 
rently healthy fruits. 

Probable sources of Infection “-It has been seen above that there is a 
marked correspondence between the fungi obtained from the diseased fruits 
and those from their surface washings and shop atmosphere It, therefore^ 
seems evident that the fungi present in the shop atmosphere fall on the 
surface of fruits, grow and cause decay while the fruits are stored. The 
fungi falling on the surface of fruits probably obtain entry into the host 
tissue through wounds caused during the process of picking, packing and 
transit, as suggested by several workers, or through lenticels, as reporfrd 
by Kidd and Beaumont (1925) and Baker and Heald (1932) for apples A 
correspondence between the fungi obtained as * latent infections’ from 
mangoes, apples, oranges and grapes and those isolated from the respective 
diseased fruits has been pointed out above ‘ Latent infection * is therefore 
another source of the disease Such infections have also been reported 
previously by Dastur (1916) and Simmonds (1941) for plantain, Horne and 
Home (1920). Bratley (1933), Wormald (1934), and Walker (1940) for 
apples, and Baker and Wardlaw (1937), Wardlaw, Baker and Crowdy (1939), 
and Baker, Crowdy and Mckee (1940) for several tropical fruits The term 
* latent infection ' has been used by Baker and Wardlaw (1937) and in the 
present paper it has been employed in the same sense m partial modification 
It has been suggested by them and as is also evident from the observations 
made here that since these organisms are obtained from apparently healthy 
ffuits the pathogens enter the fruits at some stage of development and he 
dormant in the tissues without producing any visible sign of decay, till the 
fruits mature and ripen offering favourable conditions for the advancement 
of the organisms 

Pathogenicity of the organisms obtained.-~Mo$i of the fungi isolated 
from the respective fruits either from surface washings, decayed tissues or 
as latent infections are capable of producing rot of the fruits when inocu- 
lated m them. In the case of mangoes the pathogenicity tests were earned 
out with fruits of different stages of maturity while still on trees. It was 
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found that t|ie different fungi react differently with maturity of the fruit and 
the strains could be arranged in order of their ability to infect the fruits of 
different ages The pathogenicity of some of these fungi attacking mangoes 
in storage has been worked out and will form the subject of a later communi- 
cation 

Summary 

Seven types of fruits, namely mangoes, apples, peaches, pears, oranges 
pomegranates and grapes have been studied for fungal decay in storage and 
Its relation to shop (local storage places) atmosphere and, in the case of 
mangoes orchard atmosphere has been elucidated Mango has received 
particular attention as it is the staple fruit of the United Provinces 

A number of fungi have been obtained from the tissues of diseased 
fruits These are Aspergillus niger, Asperpllus mdulans, Aspergillus varie- 
colour, Aspergillus fumigatus, Aspergillus candidus, Acrothecium penniseti, 
Altemaria sp , Colletotrichum capsci, Colletotrichium sp , Peniclllium 
atramentosum, and Rhizopus arrhlzus 

A few fungi have also been isolated as ‘ latent infections ’ from appa- 
rently healthy fruits Mangoes have yielded Aspergillus nidulms ard Colleto^ 
mchum capsci, apples Colletotrichum sp , oranges Peniclllium fellutmum 
and Aspergillus fumigatus, and grapes Rhizopus arrhtzus 

There is a definite correlation between the fungi obtained from the 
fruits and those isolated from the atmosphere of storage places and the 
surface of diseased fruits In the case of mangoes a similar correspondence 
is seen with the fungi from the atmosphere of mango orchards 

Acknowledgment 

I wish to thank Dr S N Das Gupta for his help and guidance and to 
Dr O. W Padwick, formerly Imperial Mycologist and his colleagues for 
the help and facilities offered to me in the identification of the fungi 

Litbratueb Consulted 

Baker, K, F , and Heald, F D. . . '* The importance of Icntkel infection of applet by 

PgnleiiUim ixpansum State Colt** IVatMiHgioH Agr 
Exp Sta Buff*, 1932, 264 (original not see~i}. 

Baker, RED ** Studies m the pathogenicity of tropical fUngi ; U The 

occumnee of latent infe^ona in developing feuita.’* 
A/m Bot, N 5., 193S, 2, 919-31, 

. Ctowdy, S H , and . ** A review of latent infections caused by Colktotrtchm 

Mckee, R. K, ghe/^orioUka and allied hmfi,*’ Trap. Agrlc., 1>mkhd, 

1940. 17» 7, 128*32. 



205 


Oh Decay of Certain Fruits m Storage 


bftlter, R. H. D*, and Wardlaw* C M 

Bratley* C O* 

Dastur, h F 
Qhatok. P N 

H^rne« A S » and Horne» E V. . 
Simmondi. J* H 


Walker, E. A, 

Wardlaw, C W.. Baker, RED, 
and Crowdy, S H 
W<>rixia!d, H 


** Studies m the pathogenicUy of iropkal fungi . I, On 
the types of infections encountered in the storage of 
certain truits • Ann Dot, N S 1937, I, 59-65 
** Development of apple scab on stored fhiit Phyt<^h , 
1933, 23, 3 

Spraying for the npc rot of the plantain fruit," Apic, 
Journ InAia, 1916, U, 142 

** Investigations on orange rot in storage I Orange rot 
due to two strains of Fusarium moniUformt Sheldon/* 
Journ InA Bot,Soc, 19)8, IT, 141-48 
On the spotting of apples in Great Britain,** Ann, 
Appi Biol, 1920. r, 183-201 
** Latent infections tn tropical fruits discussed in relation 
to the part played by species of Gleosporium and 
Coiletotrichum,'* Proc Roy Soc, Qd , 1941, 52, 10, 
92-120 

“Scab of apples »n storage" Trans Peninsula Hort, 
Soc , 1940, 29, 5, 105-11 (original not seen) 

*‘ Latent infections in tropical fruits ” Trop, Agric , 
Trinidad, 1939, 16, 12, 275-76 
" Tlie development of scab in stored apples," Ann Rep , 
East Mailing Res Station, 1934, 232-35 



Tte* OHvr ^ 0 Smuvm* Mw* 

«a4 PBbliihttd toy TIm A«<i»my ai( ia mi fi »*f>i«40V* 



developmental morphology in some 

INDIAN MILLETS 


By Shanti Khosla (Miss) 

(Department at Botany, Calcutta University) 

Received August 7, 1946 

(Communicated by Prof G P Majumdar, f a sc ) 

Millets belong to several fairly closely allied genera of which ihe most 
important m India are SetariUs Panicum Pennisetum of the tribe Pamcea, 
and Eieusme of tlie tribe Chlorides Like wheat and barley, millets have 
been cultivated since times immemorial in south Europe, Egypt and Asia — 
particularly Afghanistan 

Recent works in Grammese show the great difference of opinion that 
exists regarding grass embryology For instance now it is widely accepted 
that antipodals are not merely a superfluous structure, but vitally connected 
with the growth and development of the young gametophyte (Brink and 
Cooper, Hordeims 1944) It is also increasingly realised that the “double 
fertilization “ is not an end in itself but leads to important physiological 
changes which are responsible for proper seed development (Bnnk and 
Cooper, Alfalfa, 1940) With regard to the grass embryo, the modern trend 
represented by works of Randolph (1936), Stover (1937), Merry (1941) and 
Bennett (1944) is distinctly in favour of the opinion that the cell-division is 
irregular and that there is no consistent arrangement or zonation of cells in 
the young embryo This is in direct contradiction to the other view (Souges, 
1924) that there i$ a definite arrangement and a regular sequence of cell- 
divisions of the fertilizjd egg Numerous mstanccs of the occurrence of 
polyembryony in OraminciB due to parthenogenesis have recently been 
recorded (Engelbert, 1940-41 , Kiellander, 1941 , Hakansson, 1942), 
But their findings seem to be mainly confined to species of Poa 

Millets do not seem to have attracted much attention of botanists at 
any lime Qiierin (1898) in France was one of the first to initiate embryo- 
logical studies in them Others to follow him were Sussenguth (1919) in 
Panicum and Nishimura (1922) in Setaria In India mojst of the work on 
the subject has been done by Krishnaswamy and Rangaswami, who jointly 
discovered polyembryony in Eleusine coracana (1930) and later (1937) pub- 
lished their cytological findings on the same species K Rangasaim besides 
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recording the chroraoeome number for Pennise(um typhofdetm has also given 
a fragmentary account of its morphology 

The increasing importance of millets as a suitable substitute for wheat 
and ncc— staple foods of India— warrants a more detailed study of their 
cytology, morphology and hfe-history Information from such studies will 
have a direct application to the development of improved strains through 
plant breeding With this object the present investigation was undertaken. 

Materials and Methods 

The following plants furnished the material on which the investigation 
18 based . 

(1) Setaria itaUcae Beav (Fox-tail millet) 

(2) Panicum miliaceim L (Proso-millet or broom-corm) 

(3) Pennnetum (yphoideum Rich (Pearl millet) 

(4) Ekiisme coracana Gaertn, (Finger millet) 

The seeds obtained from the Millet Specialists— Government of Madras, 
were sown towards the beginning of June and the materials fixed when the 
plants were m flower towards the middle of August. Spikclets of vanous 
ages were first dipped in C irnoy’s Fluid and then transferred to Nawaschin’g 
Fluid The hairs and bristles of Pennisetum and Setaria were removed prior 
to fixing, as well as the glumes, palca and lemma in the case of fertilized 
ovules to facilitate cutting These coverings become impregnated with 
silica quite early in organogeny and give considerable trouble in cutting. 
The material was allowed to remain m Nawaschfn for 24-36 hours, then 
washed, dehydrated, embedded in paraffin (46® C. in winter and 54® C in 
summer) in the usual manner, chloroform being used as the clearing agent. 
After embedding, sections were cut at thicknesses varying from 10/^-lS/u. 
The older material was cut thicker in order to obtain the embryo-sac in as 
few sections as possible The sections were mounted serially and stained 
in Heidenhain’s Haematoxylin. 

General Considerations 

Millets arc annuals with erect stem, varying m height from l-H ft. in 
Panicum miliaceum, to 3-B ft in Pennisetum typhoUetm The inflorescence 
is a panicle, spikate in S itclica and Pennisetum typhoidemn and a terminal 
umbel of 2 or more sessile spikes m the case of E coracana. The spikelets 
are variously arranged In Eleusme they arc in two rows along the side of 
the compressed axis and in Pennisetwn and Setaria they are in groups of 
1-2 and 1-6, respectively, each subtended by numerous bristles, which 
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according to Arber (1934) are sterile spikelets The spikelets are generally 
2-flowered, in Pennisetxm the lower one is staminate, upper perfect and in 
Setaria and Panicum, the lower stenle and upper perfect In EJeusine there 
are usually 2-5 flowers all of which are perfect The flowers are provided 
with 2 glumes, a lemma, palea, 2 broad cuneale lodicules in all except 
Pmnisetum, 3 stamens and a smooth oval ovary, with two long styles, each 
tcrmmatmg m a brush-likc stigma In Penmsetum the styles are connate at 
the base. 

Floral Development 

The floral members arise as protniberanccs of the rachilla The first 
to make their appearance and lowest on the axis are the glumes, followed 
in succession by the lemma, palea and stamens appearing almost simultane- 
ously, lodicules — differentiated from the base of the stamens and finally 
the ovary ternunatmg the axis The ovary is thus the last member to be 
differentiated (Fig \, a» b) In Triticvm, Percivdl (1921) found that stamens 
appear earlier than the carpel while palea and lodicules become distinguish- 
able almost at the same time 

The ovary is apparently simple, terminated by two styles which m the 
young carpel appear as conical outgrowths of its apical margins (Fig 1 /) 
The ovule at its inception is orthotropous derived from the morphological 
apex of the axis, but later becomes anatropous due to an one-sided growth 
of the latter (Fig 1 In Eleusme the curvature of the axis is incomplete, 
resulting in a campylotropous ovule (Fig 1, g) The origin of the ovule 
appears to be from the base of the carpel, but this in fact is due lo the fusion 
of the carpel to the axis as the former grows over the latter, forming a chamber 
(Fig I, Similar observations have been made by Percival (1921) m 

wheat, Anderson (1927) in Poa pratensis and P compressa, Knshnaswamy 
and Rangaswami (1930) m Eiemine coracana and others. 

The ovule is invested with two integumenfs—the time of their appear- 
ance varying in the different millets The inner integument is differentiated 
almost at the same time as the ovule pnmordium itself m S italica, though 
in others usually after the closure of the carpels (Fig 1, c-f) ; the outer integu- 
ment IS formed from the base of the inner one at a later stage The inner 
integument is 2-4ayercd, completely encloses the ovule and forms the micro- 
pyle, whereas the outer one is 2-layered at the top and 2 to 3 layered at the 
base and covers the ovule only partially. In S italica and PemUetum 
typhoideum the lower end of the outer integument becomes more or less club- 
shaped due to cell-divisions and caps the micropyle (Fig 2) whereas m 
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Pmticum mihaceum both the integuments go to the formation ot tiie 
micropyle,“Unu8ual m Grammes where an incomplete second integument 
is the rule. 



cptiauon of ovule, carpel and lodlculoa, carpel appearing «g a nng of tissue at the base of the 
ovule . n,— One side of the carpel Aised to the ovule pnmordium , Of, c A d— 'Develop- 
ment of the carpel , d, e d /- Development of the mtegumem and Srst appearance of the 
archespormm , fi^S\xowini the carpellary margins produced mto the sty tar arms (fhmt view); 
g*-Campytotropous nature of the ovule Lem — iemmot paf — palea, sf —stamen, ovr pr — 
ovary pnmordium, gr p -growing point , Jl pr —floral primordium, car —carpel, or 'Ovtde, 
/ed-^Micule Figures a-e x 250. /-g x 150 Figures reduced to half their original 
tnagnifications. 
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Development of the Femaus Gametophyte 

Generally the archesponal cell is differentiated shortly after the inner 
integument is formed (Fig 1. d, el but m S italica it makes its appearance 
after both the integuments are formed A hypodermal apical cell of the 
ovule is seen to enlarge with conspicuous nucleus and denser cytoplasm than 
in the surrounding cells This without dividing forms the megasporc mother 
cell and its nucleus may possess 1-2 nucleoli As usual in Gramme® and most 
Monocotyledons not more than one archesponal cell was observed in each 
ovule and no parietal cell is formed, though in S italica and Pantcum 
mihaceum the epidermal cells often become 2-laycred One of the apical 
epidermal cells in S italica becomes hypertrophied and pn minenl (Fig 3), 
and picrsists till late megasporogenesis The exact significance of this m 
embryogeny could not be traced but it is presumed that in some way it 
facilitates the passage of the pollen tube between the nucellar cells 

The m m c elongates considerably before division , m Pennisetum 
iyphoideum it may be thrice its original length before the nucleus even reaches 
prophase,— appearing like a long narrow, non-vacuolated cell slightly 
dilated towards the top where the nucleus is situated The division of the 
m.m c usually commences about the time of tetrad formation in the micro- 
spcrangium. The cell divides in the usual way forming a linear tetrad of 
four cells (Figs 4-7) the common form in Grammcac, though Guignard 
(1882) reports only two megaspores m Cornucopia The upper three cells 
degenerate forming a more or less T-shaped mass, due to the micropylar 
megaspore being tangentially flattened by the pressure cf the growing embryo- 
sac mother-cell (Fig 8). By this time the micropylar nucellus is usually 
2-layered The first division of the e m c results in a 2-nucIcate embryo-sac, 
the nuclei migrate to the two poles and 1-2 large vacuoles are formed 
between them Some cells adjoining the embryo-sac degenerate, providing 
a nutrition layer around it The second division, simultaneous at both poles, 
and mostly parallel to the first one (Fig 9) gives rise to four nuclei No cell 
wall IS formed after either of the divisions — Cooper (1937), however records 
in Euchkena mexicana and Zea mays the formation of walls immediately 
after the second division The third division gives rise to an 8-nucleate 
embryo«sac. S italica is characterised by the presence of a large vacuole 
at the chalazai end as well, between the nuclei and the wall (Fig. 1()); this 
vacuole incidentally is found persisting even in the antipodal cell cut off from 
that end. One nucleus from each pole migrates towards the centre to form 
the polar fusion nucleus, and the rest organized into the egg-apparatus and 
the antipodal complex (Fig 11), though in 5. italica no wall formation in the 
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antipodal region may take place till a later period (Fig. 12). Schnarf (1931) 
describes two types of embryo-sacs in the grasses, straight ones lying in the 
same plane as the longitudinal axis of the ovule as in Bantbusa, Oryza and 
Zen, and others of the horizontal type, lying at right angles to the longi- 
tudinal axis as in Festucea, Hordece, Avenea and others. In millets die 
embryo-sacs arc of the former type The size of the embryo-sacs vanes— 
largest being found in Pantcum mitiacewn (115 9 x 34 *2/^) and the smallest 
in E. coracana (74*5 x 18 /a), as shown m the table below 

Table T 


Illmtrates the dimensions of the embryo-sacs and their components 
(in microns) 



Fameum 

tmliaitum 

.S ttahcA 

P^nntittum 

typhMdtum 

1 

E ccracana 

EmbTvo sac 

ns S X 34 2 

S8 S X 33 5 

86-4 X 27-2 

74-5 X 18 

E|W 

2S 2 X 16 9 

26 2 X 14*4 

28*8 X U 8 

18 S X Id 8 

Egii; nucleus 

7 9 

6 S 

9 0 

7 2 

Synergtd 

22 4 X 12 6 

20 6 X 10 8 

18 7 X 7 9 

14‘4 X 9-0 

Synnrgid nucleus 

6 8 

1 * * 

6 8 

7 2 

Antip^ats 

27 0 X 16 2 

1 24 8 X IS 1 

31 3 X 21 6 

28'2 X 12 6 

Antipodal nucleus 

6 8 

1 3 9 

7 ft 

6-8 

Polar nucleus 

14 0 

1 

ins 

X2-8 


The egg apparatus is typical The synergids are pyriform to almost 
triangular in Pantcum mdiaceum, with vacuoles generally at the lower end 
and nuclei more or less towards the centre (Fig. 12, 13, 14) The “filiform 
apparatus” described by Schact (1850) and observed by Knshnaswamy 
and Rangaswami (1937) in E coracma was not observed, though m 5. iialica 
some synergids bear hyaline stnations towards their inner walls (Fig 15) 
The micropylar ends of the synergids may either be broad or slightly beaked 
(Figs II, 12) The lower ends m S italtca often become pointed and some- 
what booked and not infrequently attenuated late in embryo-sac development 
(Fig 15) 

The egg cell is slightly larger than the synergids and lies between them. 
In Permisetum iyphotdeum it is bigger than in the others and may be about 
1*5 times the size of the synergids It may have either a narrow or a broad 
basal attachment and is provided with a large vacuole at the upper and in 
some cases at the lower end as well. The nucleus is centrally placed and t$ 
slightly larger than the s>nergid nuclei (Figs 12 and 16). Later the egg 
elongates considerably beyond the other two cells. A heavy deposit of 
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starch is observed even before fertdization around the egg nucleus, the peri- 
carp region and in some cases in the antipodals as wcIK Occurrence of 
ainUlar grains has been observed by Cooper (1937) in Xea mav^ 



Texr-Fioa — 2 12 Figs —2/3, 8, 9, 10 & I2“5e/<jna iw/Zca Fig 4 Pamcum tftiliaceum 
Figs 5, 6 A 7 Eleusme coracana Fig 1 1 Prnmvetum typhouieum Pig 2 Nature of mtegu- 
meots, outer mwimplete, lower half forming a pad over the niicropyle - ISO Fig 3 Showing 
megaspore mother cell with ihe apical epidermal cel! enlarged ^ 5^0 Fig 4 Part of the 
ovule showing m m c nucleus at metaphase v 450 Fig 5 M m c nucleus at telophase 
X 550 Fig, 6 Dyad ot megaspores, the nuclei in the process of second division x 800 
Fig 7 Linear tetrad of mogaspores BOO Fig. 8 Functional megaspore with throe 
degenerated tnegasporcs forming u TnihapGd mass , the epidermal nucetius 2-laycred / 1,100 
Fig 9 Embryo>aac nuclei at secogd metaphase with vacuoles m the centre and chalazat 
end, nuceUar celts degenerated to form a nutrition layer round the sac > i,i00 Fig la 
8-ilucl«ate embryo-sac X MOO Fig U Voung embryo-sac with full comptoment x 800 
Fig. 32. Mature embryo-sac x 800 Figures reduced to half their original magnincations. 
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The two polar nuclei are the largest in the embryo-sac (compare Table I). 
They usually lie in close proximity of the egg cell, in which position they fuse. 

Almost the first to be differentiated and the most prominent feature of 
the embryo-sacs are the antipodals Thc> possess the largest cells in the 
sac Early in embryo-sac development, in all except Eleusine, the three 
antipodals commence division to form a tissue of usually 3-6 cells with 1-5 
nuclei in each, the number and form varying with each of the four plants. 
In Panictm the usual form is for all the three cells to diVide once forming a 
tissue of 6 cells with one nucleus in each, but quite frequently onlv two of 
the cells might divide, thus forming a 5-celled antipodal complex in which 
four of the cells arc uninucleate and one cell binucleate (Figs 17, 18). In 
no case, however, more than six nuclei were observed. In Setana there are 
usually 3-5 cells with 1-4 nuclei in each, though not more than ten nuclei 
were observed in any case (Fig 19 a-e) A large number of nuclei arc usually 
associated with the antipodals of Pennisetum — as many as 23 being counted 
in some cases, though the number of cells are never more than six In all 
the three plants, however, with the maturation of the embryo-sac the anti- 
podal cells enlarge, their contents become vacuolated and the cytoplasm 
starts aggregating around the coalescing nuclei (Fig 20) With the forma- 
tion of the zygote, the nucellar tissue adjoining antipodals disintegrates till 
a passage is established to the chalaza Later the whole structure is crowded 
out with the growth of the endosperm In Eleusme, a very different type of 
antipodals was met with In this, the 3 cells enlarge considerably without 
dividing, form a dense cytoplasm and the nuclei become large and prominent, 
often dividing into two in each cell With the development of the endosperm, 
the cells are pushed to one side (towards which the funiculus is situated), but 
remain active till late in embryogeny (Figs 13 21) Cooper and Brink 
(1944) also found antipodals being sinularly pushed towards the funicular 
side by the growing endosperm in Hordeum jubattmt, thus indicating the 
important role played by them m the nutrition of the gametophyte and the 
young embryo 

Fertilization 

Fertilization is porogamous One of the pollen tubes enters through the 
micropyle, between the integuments and nucellar cells and was seen to he 
close to the egg The actual discharge of the sperms was not observed in 
any case, though the male nucleus was observed in close proximity to the 
egg nucleus m quite a number of instances. Qne of the synergids is dis^ 
organised with the entry of the pollen tube and the other is often found 
intact even after fertilization (Figs 23, 24, 25) In Zea rnayn the pollen tube 
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TeXT-Fios !3-26 Figs 13, 21 EUusifUB corwiam Figs 14, 15, 16,18,23,25 — Panvcum 
neiktctum Figs \%^\^-^-Set€uria italic u Figs 20, 22, 24, 26— /’<'/!«/ npAo/t/eum Fig 13 
Mature embryo-sac x 2,000 Fig 14 Embryo-sac berore division of the antipodal cells 
X 550 Fig. 15 Hgg apparatus prior to fertilization Synergids with hyaline stnations on 
their mnef walls and lower outer ends hooked , eggs oonsiderably enlarged with starch grams, 
the polar nuclei prior to fusion x 1,100 Fig 16 Fgg, synergid and the fused polar nuclei 
X 550, Fig 17 Antipodal oomptex 5 cells, 4 uninucleate and I binucleate x 550 Fig 18 
Transverse view of antipodals x 550 Fig 19 o # Various stages in the development of the 
antipodal cells x 1,100 Fig 20 Transverse view of antipodals showing greatly vacuolated 
cells with nu^ei m a degenerating state x 350 Fig 21 Post-fertilualion stage, the active 
and undivided antipodal oetts pushed to one side by tlie growing endosperm , deposit of starch 
grains near the egg x 450 Fig 22 Triple fusion nucleus x 700 Fig 23 Post-fertilization 
atagi X 350 Ftg, 24. Post-fertilization stage— formation of endosperm x 700 Ftg 25 
Male gamete inside the egg nucleus x 550 Pig 25 Showing the multiple number of nucleoli 
i a the iaitial andosperm nacleus x 700. Figures reduced to i their arti^l magaifleations. 
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enters between the synergids, so that neither of them is disorgamscd (Cooper, 
1937), in Festuca^ Anthoxanthum, Coleanthus and Bamhusa the synergids 
arc destroyed before fertilization (Schnarf, 1931) In Eleusine, Krishna*^ 
swamy and Rangaswami (1931) record the occurrence of fertilization 6 hours 
after pollination, Taradau (1927^28) in Oryza— after 12 hours, and Percival 
in Tnticum after 30-40 hours The male nucleus as far as could be determined 
appeared spherical to oval and not vermiform as in wheat (Percival). 
Sterile embryo-sacs, in a degenerating state were found in abundance both in 
Panicum and Eiensme 

Endosperm 

Triple fusion, first observed by Nawaschin (1898) and now considered to 
be of general occurrence was observed in Femisetum when all the nudei 
were seen fusing together (Fig 22) The primary endosperm nucleus divides 
soon after fertilization and sometimes even before fertilization is complete, 
apparently without undergoing any rest Numerous nuclei are formed 
interconnected by cytoplasmic strands and lying at first peripherally and 
then filling up the whole sac cavity The changes in the egg arc compara- 
tively slow, 40-50 endosperm nuclei being formed before even the first 
division of the zygote takes place Cell wall formation commences near 
the embryo when it is from 4-8 celled, cells cut out being uninucleate with 
1-3 nuclecii in each. Quite frequently in Panicum and Pennisetum^ the 
primary endosperm nucleus forms numerous nucleoli before it starts dividing 
(Fig*^ 23, 26); later these nuclei are seen m various stages of fusion (Fig 25). 
The parietal layer of cells gradually encroaches towards the centre, com- 
pletely obliterating the cavity Gordon (1922) found that in the formation 
of the endosperm of wheat, barley and oats, — “ the lining layer of the 
embryo-sac assumes the character of cambium, which produces segment 
cells only on its inner surface ” There is no parietal tissue formation m any 
of the millets under consideration Storage with starch begins when the 
endosperm is completely formed and first of the starch appears at the end 
furthest from the embryo but in course of time all the cells are packed, 
except the surface alcuronc layer. 

Embryo 

The egg after fertilization undergoes a long period of rest and then 
divides It is very rare for the fertilized egg to divide before the primary 
endosperm nucleus, but this was noted in some Penmsetum preparations, 
where a 2-cellcd embryo had already formed, while the polar nuclei had not 
even fused (Fig 27) This is probably due to failure of triple fusion, as the 
male nucleus was nowhere to be observed. 
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The first division of the zygote is at right angle to its longitudinal axis— 
thus dividing it transversely into two cells. The apical cell then divides 
transversely once forming two cells, both of which divide vertically to form 



TexT-Fkjs -27-35 Figs 27-34 Penntsetum typholdeum Fig ^5 Setaria italica 
Ftg. 27 Pro embryo of 2 ceils, endosperm not formed x 700 Fig 28 First division of the 
zygote X 700 Figs 29-34 Different stages of the development of the embryo, explanation 
m text Fig 29 x 400, Fig 30 x 700 Figs 31-33 x 400 Fig 34 / 250 Ftg 35 

Embryo x 150 Figures reduced to t thetr original magnifications 

4 cells. These four cells form the initial embryo (Figs 28. 29. 30) Growth 
and further divisions in all directions soon produces a central core of cells 
endosed in a well marked epidermis (Fig 31) The basal cell m the mean* 
time divides to form the multicellular suspensor. though a feebly developed 
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suspensor is the common rule in Gramineae. In A vena fatua the suspensor 
consists only of the primary basal cell (Cannon* 1900) The pro-crabryo 
at this stage appears as a club-shaped body with a narrow elongated base 
Above the apex on the side opposite the endosperm a protuberance forms 
(Fig 32) The distal portion of the embryo below this protuberance 
develops as the scutellum The colcoptile appears as a ring of tissue, which 
grows over this protuberance or the stem-apex (Fig. 33) As the lower 
half of the ring grows more rapidly than the upper, it appears as a prominent 
scale in longitudinal section (Fig 34) No epiblast was observed in any of 
the embryos. Meanwhile the mass of tissue constituting the upper end of 
the embryo, commences to divide and so differentiates the root Owing to 
unequal growth a split forms in the tissue, separating the basal ground 
tissue from the root initial By further growth this cavity enlarges so that 
on maturity the upper portion of the ground tissue appears as a sheath— the 
coleorhiza — enclosing the root proper (Fig 35) This agrees with PercivaF* 
findings on wheat No cases of polyembryony were observed 

Integument and Pericarp 

The development of the integuments in millets is similar to that recorded 
for wheat, rice and maize Of the two integuments, the outer is shorter 
and degenerates after some time, leaving the inner one to form the seed coat. 
In PiWtcwn, however, both the integuments are complete and the tip cf the 
outer one becomes multicellular with the growth of the embryo-sac In 
Efeusine with fertilization of the egg. the outer integument starts disorga- 
nizing. and the cells of the inner integument show an enlargement in size; 
the growth IS more prominent in the inner la>er, particularly at ihc micro- 
pylar end and it commences from the chalazal region With the formation 
of the embryo, brown deposits probably tannin (Harrington. 192a) appear 
—the outer cell layer of the inner integument taking no part in this and 
collapsing after some time The gram in Efeusine is an utricle, the pericarp 
coming off as a thin whitish covering with threshing (Krishnaswamy and 
Rangaswami, 1937) The pericarp development is the same as already 
recorded by Pertival for wheat 


Discussion 

Gyncecium —The number of carpels in Gramme* has long been a point 
of controversy, but the majority trend of opinion is in favour of a mono- 
carpcltary simple ovary, though m order to put forth a feasible eiqilana- 
tion for the presence of more than one style, the existence of two or more 
carpels has often been suggested According to Walker (1906) and Hector, 
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the gyncecium of Graminc« can be best regarded as the product of fusion 
of three carpels In the “Grass-type'*, two pfoducmg the styles or the 
silk and the third the ovule, e g , Zea mays, Setana italica and others, whereas 
in the “ Bamboo-type ’’ all the three carpels going to the production of 
styles. Rangasami (1935) considers the gynoecium of Pennisetum typhotdeum 
as the product of two carpels; one short and thick, producing the ovule 
and the other thinner one, the style In support of his statement he records 
the presence of two branches of vascular traces passing to the carpels 
Rangasami unfortunately seems to have confined his observations to only 
longitudinal sections taken from one side of the material showing fusion of 
the carpellary margins at the apex This would naturally give the impression 
of the presence of two carpels, only one of which would seem prolonged into 
the style If, however, longitudinal sections are cut from the front face, it is 
seen that both the ends go to the formation of the 2 styles which arc slightly 
connate at the base (Fig. \fi) It is in the transverse section of very young 
flowers that the true picture of the gynoecium is revealed The single carpel 
arises as a nng of tissue from the base of the morphological apex of the 
floral axis and possesses three vascular traces— a large median trace with two 
smaller lateral ones— similar arrangement to that found in the glumes of the 
flower Tae thicker median trace indicates the fusion of the axis to the 
carpel, which in longitudinal section led Rangasami to believe that the 
ovule originated from the carpel The number of carpels and development 
of the gyna:ium is similar m all the four materials 

Female Gametophvte -Tnc archesponal cell generally appears shortly 
after the inner mieguraent is formed, this fact holding true for E loracana 
as well, and not long after both the integuments are differentiated as stated 
by Knshnaswamy and Rangaswami (1937) As usual in Gramircse the 
archesponal cell without dividing forms the megaspore mother cell — no 
parietal or covering cells being formed , Cornucopia nocturnum, however, may 
be quoted as an exceptional case where Guignard records the presence of 
covering cells. But whai usually happens in the millets is that the micropyiar 
nucellus divides by penclmal walls becoming many layered, Wcatherwax 
(1916) in Zea found these epidermal cells degenerating after dividing by 
tangential walls What K Rangasami considers to be the parietal cell m 
P typhoideum appears to be nothing more than the nucellus formed by the 
division of the epidermal tell—a condition of frequent occurrence in the 
millets. 

In this connection it is interesting to note that in all the materials though 
the tetrad formation is linear, the degenerating megasporcs always give the 
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impression of a T-shaped structure due to reasons already stated. No men- 
tion of this feature, however, has been made cither by K, Rangasami or 
Rangaswami-Krishnaswamy in their studies on Indian Millets 

The shape and size of the embryo-sacs vanes greatly between the four 
genera The length of the embryo-sac may be from about 2*7 in Setaria 
to about 4 times the breadth in Elemme, (hough usually it is about thnee the 
breadth. The size of the embryo-sac has very IittJe to do with the size of 
the cells in the egg apparatus and antipodals Thou^ Panicum has the 
largest embryo-sac (115 9 x 36 2^*), yet Pennisetum has the largest egg 
(28 8 X 14 8 /i) and antipodal cells (31 3 x 21 6), This incongruity in 
the size of the embryo-sacs is also evident in the size of the nuclei (compare 
Table I) The nuclei of Efeusine are comparatively larger than those of any 
of the others, whereas those of Se^ana appear to be the smallest The polar 
nuclei are the largest m the sac, about 2-3 times the size of the others; in 
Panicwn it reaches a dimension of about 14 0/x 

Strongly developed antipodals are characteristic not only of imllets 
but of all Gramme® In Tnticum it is 6~I0 celled at fertilization (Pcrcival) 
though more than 38 have been observed by Kdernicke (1896) after fertiliza- 
tion In Zea mays the number vanes from 24-36, the largest number recorded 
so far being 60 for Bamhusa bamboo Similarly well-developed antipodals 
have also been observed in Ory^a, Sorghum, Hordeum and others, 

Schnarf (1931) on the basis of the number of antipodals, groups the 
Gramme® into three classes (i) those with only three big cells, each con- 
taining 1-a nuclei as in Cornutopi<ji nocturnum Ahpecurus pratensis, Avena 
pubescens, etc , (ii) those with only up to 10, I -a nucleate antipodals and 
(ill) those With more than 12 cells as in Avem fatua, Trituum, Oryza, etc. 
or the millets, Eleusme may be classed m the first of these groups and the 
rest in the second 

The antipodal cells enlarge and divide with the maturation of the embryo- 
sac On the basis of this fact Brink and Cooper (1944) suggest that the 
activation of the antipodal nuclei and enlargement of the cells is affected by 
the entry of the male gamete and later by fertilization This, however, cannot 
be confirmed by the observations made on the millets, as quite frequently 
the cells enlarge and become vacuolated even prior to fertiUzation and later 
disintegrate. Similar condition prevails m Saccharum, where the cells 
degenerate prior to fertilization. 

Antipodals may sometimes persist for a long period. In Zea and Coix 
laerfma Weatherwax (1926) found them m almost npe seeds. 
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The nutritive function of the antipodals seems to have been first suggested 
by Hofmeister ( 1 849) and conclusively proved by Westcrmaier ( ! 890) Ikeda 
(1902) observed that the antipodals are nutritively active from the full matura- 
tion of the sac to the formation of endosperm, after which they gradually 
change their structure and weaken, during this period the antipodals serve 
to conduct food for the growth of the egg apparatus and endosperm forma- 
tion From this fact, he divides the antipodals into two general types - 
passive and aggressive In passive type the antipodals remain active, often 
become very much enlarged and even form a mass of tissue, but they arc not 
associated with an invasion of the chdlazal region and simply receive material 
from It, This is the type characteristic of the Monocotyledons (except 
Gramme®) In the aggressive type active and often multiplying antipodals 
arc associated with the penetration of the chalazal region by the elongated 
antipodal cells The millets exhibit both the types In Ektmne we find the 
first kind and m others the second kind of antipodals 

Embryo ^ -Of the three-celled pro-embryo, Krishnaswamy and Ranga- 
swami are of the opinion that only the terminal cell goes to the formation of 
the embryo proper and the rest by one or two divisions forms the suspensor. 
This does not appear to be the case from a close observation of the present 
material Both the terminal cells go to the formation of the embryo and the 
basal cell by a few divisions forms the suspensor 

The divisions following on the first t\^o were found to be irregular, often 
forming multi-nucleate cells, so that no special significance can be attached 
to the sequence of cell division or to the arrangement of cells m the early 
development of the embryo This is in agreement with the findings of 
Randolph (1936) m Zea and of Mirry (1941) m Hordeum Differentiation 
of organs according to Bennett (1944) begins 60-72 hours after pollination. 
The clear-cut differentiation attributed to the pro-embryo of grasses by 
Souges (1924) m his studies on Poa annua cannot be corroborated by the 
investigation on Indian millets Neither is it possible to support Krishna- 
swamy and Rangaswami m their statement that the embryo of Eteusine 
shows a differentiation into epidermis, plcrome and periblem 

Further, Krishnaswamy and Rangaswami record the presence of epi- 
Wast in Eieusine, whereas this structure was not observed in any of the 
embryos studied It clearly appears from the illustration given by the above 
authors that the structure labelled as epibtast is nothing but the lower half 
of the coleoptile which grows more rapidly than the upper half and appears 
as a promyient scale m longitudinal section. 
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Summary 

L The floral members arise as protuberances of the rachilla: — ^the 
order of succession bein^—glumcs, lemma, palca, stamens, lodiculcs and 
gyncecium 

2. The gynoe:ium consists of a monocarpcllary ovary with a single 
terminal ovule and two styles 

3 There are two integuments, inner forming the micropyle and the 
outer incomplete; both arc 2-laycred In Panicum both the integuments 
form the micropyle 

4 The archesponum comprises of a solitary, hypodcrmal cell, no 
parietal cells being formed Setana shows a peculiar hypertrophy of one 
of the epidermal apical cells 

5. Tetrad formation is linear; lowest megaspore forms the embryo*^ 
mother cell 

6 The mature embryo-sac is S-nucleate and of the normal type in all 
the plants 

7 The egg-apparatus is typical, the egg cell is slightly larger than the 
syncrgids and elongates considerably after fertilization. It has a heavy 
deposit of starch grams The polar nuclei are large and lie in close proxi* 
mity to the egg where they fuse 

8 The antipodals are well developed— the forms varying m the four 
plants In Eieusine none of the 3 cells divide but become large and promi* 
nent; in Panutm they form a tissue of 6 uninucleate cells; m Setaria there 
are 3-5. 1-4 nucleate cells and in Pennisetutn there are 6 multinucleatc cells 
Eleusine has the passive type and the rest the aggressive type of antipodals 

9. Fertilization is porogamous and the sperm cell is sphencah 

10 The primary endosperm nucleus undergoes free nuclear division 
without rest-wall formation commencing near the embryo first. 

11 The zygote divides to form a three-celled proembryo. the two 
terminal ones of which divide and redivide to form the embryo and the basal 
one the suspensor The embryo consists of a terminal cotyledon, the 
coJeoptile enclosing the lateraWy situated stem apex and the coloorhiza 
enclosing the radicle with its root-cap. 

12 Of the two integuments, the outer one disintegrates, the innet 
forming the seed coat; deposits occur m the surviving coat of Blemine seed. 
Pericarp development same as recorded for wheat 



DfOilopmenial Morphaiogy in Some Indian Milhis 223 


My grateful thanks are due to Dr. F. Banerji under whose personal care 
iiid guidance this work has been done 


t. Aadwiofi, AKoe, M 

1 Attor, Agtitt 

S. Hu^ W. 

4. Brink, It A , and 
D. C Cooper 
$. 


6. Cannon, W. A 


7. Cooper, D C. 

$ and R A Brink 

h Bnaelberf. V 



U, Oordoa, M 

11 OMn. t 

I), Ottitnard. U 

14 Hatatttton, A. H 

15. Harrinston. O T A W 
Crocker 

16 Hector, J M 

17, Hofmeiater, W 
1i. iwda, t 


19. U U nm On , C. 1.. 


LITERATURF ClTFD 

** Development of the Female Oametophyte and Catyopsis 
of Foa ptatensis and P comprfssa^** Jotim, Agrf* 
Research, 1927, 34 

77ie Oramlnere-^A Study of Cereat, Bamboo and Grasses, 
1934, Cambridge University Press 
“Embryology of Paspalum ditatatum** Hot Gazette, 1944, 
106 , No 1 

** Double fertilization and development of the seed m 
angiosperm,” tbid , 1940, 102 (I), 1-25 
“Antipodals m Relation to Abnormal Endosperm Behavi- 
our in Hordeum lubatum. Set ale cereaie Hybrid Seeds/* 
Genetics, 1944, 29. 

* *A Morphological Study of the Flower and Embryo of the 

Wild Oat, Avena fatua L /* Calf Acad Set Proc (3), 
1900, 329-64 

“ MacrosporogoncMS & Embryo-sac Development m 
Euchloena mexicana and Zea mays, *’ Journ Agri, 
Research, 1937, 55 

**Collap8o of Seed following the Mating of Hordeum 
jwnbatum xSeCale cereaie,** Genetics, 1944, 29 
•‘Reproduction m some Poa species,'* Canadian Journ, 
Res Sect C Bot Sd, 1940, 18 (10). 518 21. 

* ‘The developmttil of twin embryo- sacs, embryos and endo- 

sperm m Poa arctUa R. Br/ Ibtd , 1941, 19 (5), 135-44, 
“The Development of Endosperm m Cereals,’* Roy Soe, 
Victoria Proc,** 1922, 34 (2), 105-16 
“Structure particuliere du fruit do quolques Gramiueett," 
Jomt d€ Bot, 1898, 12, 365-74 
“Recherches Sur le sac embryonnaire des phanerogames 
aniospermes/' Ann Sc nat Bot , 6 Sor , 1882, 13, 196-99. 
“D» Enlwicklung des Embryosacks und die Befruchtung 
bei Poa aipina;* Hereditas, 1942, 28, 8, 25 -67 
•‘Structure, Physical Charactcnsucs and Composition of the 
^rlcarp and Integument of Johnson Grass Seed m 
Relation to Its Physiology,” Journ Agri Res Washing- 
ton, D C , 1923, 23, 183 

Introduction to the Botany of Field Crops, Vol I Cereals, 
South African Agrl Senes, Vol XVl. 

(He Entsi Chung des Embryo du Phanerogamen (Upzig), 1849. 
' *Studie8 tn the Physiological Functions of Antipodals and 
Related Phenomena of Fcrtiluation in Liliacoai 1 Tricyrm 
hirta:* Bdl Colt, Agri, Imp Vnlv Tokyo, 1902, 5 
^todieg on apospory m Poa pratensis L Svensk Bot, 
Tidskr,, 1941, 35 (4), 321-32. 


B1 



224 

20 K6«Aick», F. A. 

21 . KrUtiauw«ny» H , and 
AyyanK«r» Q N 
Riuigaswami 

21 

23 Merry, J* 

24 Nawaachin, S 

25 Nitbimura, M 

2d Pcrcival, John 

27. Rangasami, IC 

28. iUadolph, L P 

29. Schacht, M. 

30 Schiurf, K 

31 Souges 

32. Stover, E. L 

33 SuMeoguth, K. 

34. Teradau, S 

35 Walker, Elda Retna 

36 Weaiherwax, P 

37. 

38. Westermaier, M. 


Shanti Khosla (Miss) 

'^Unteraocliungeii aber die EatwtdEvlung 4«r Seaiud ot$um 
yoa Trltlcm mit baaoudewr,” SarwsfcateArtHW* 
KernteUtmgen Vert, Natmlitt Per. 4* PrtKW. fMilf* vnd 
Wttif, 1896, S3» (49 

'‘Polyembryoay m El^utitut coraeana Oaertfl./' Aftttfrw Agrt» 

J , 1930, 18, 593-95 

. *'Cytologicai Studies m Elituim coraeana (OaertS.) iU8i 
the Finger Millet,*' Somkrobdruck atts den Beih^ien ttm 
Bomnlsehen Centrtdhiatit 1937, L , Vn Abt A, Hett. 3 

"Studios on the Embryo of Hordeum »attvm^ I The 
Development of the Embryo," Bidl Terr* BoL Ctub, 
1941. 68, 585-98 

"Rusuitafe emer Revision der Befruchtunf-ivorsSsise bel 
LUium Martngen und Fritifhria teneVn,'* BttU. Head 
imp Sci Sr Paferjhourg, 1899, 9 , 377-82. Reviewed In 
Bot Centralbie, 1899, 78, 241-45. 

"Comparative Morphology and Development of Pea pmfeA* 
j/r, PhUum pratense^Setaria itaUca*' Jap Jaunt of Bot, ^ 
mi, 1, 55-83 

. The Wheat Plant A Monograph, Duckworth A Co,, 
Lxmdon, 1921. 

“Cytology of Pemdsetum typhofdeum Rich,** fnd Bot. 5ec>, 
1935, 14 

. * Developmental Morphology of the Caiyopals m Maiee," 
Journ Agri, Bee , 1936, S3, g81-916 

. . Bntwlcklungageschichte des Pfianzenembryan, 185(k Amater- 
dam, pp 234, pis 26, Amt Sci Nat Bot,, 1831, 3 (15), 
80-109. 

VergHchende EmBryologU der Angtospermen, 1931. 

“Embryologie desOrammeae," C K. Acad, Paris, 1924, ITS 

"The Bmbryo.4ac of Eragrosiis ciliensis (AU) Link. A new 
type embryO’Sac and a summary of grass embryo^sac 
investigation,*’ Ohio Journ , 1937, Ser,** 37, 172-81 

"Beitrsge Zur Frage des Systematlsdien Anschlusses do 
Monocotyledon" (Diss MUnchon, aueh Beib, Bot, 
Centraib/e, 1919, 38, 11. 

. “Embryological Studies in Oryza safita, /. Cdff, Agri 
HokkaidP, 1927-28, 19 , 245-60 

On the Structure of the Ptstih of Some Qrassee, Univ. 
Nebraska Studies, 1906, 6. 

. , "Morphology of the FIs, ofZse mays/* BtOt Ton, Bot, 
Ctub, 2916, 43, 127-44 

. "Persistence of the Antipodal Tissue in the Devektpman of 
the Seed of Maize." Bdd„ 1926, 

‘*Zur Bmbryologie der Phanerogtmea hubetoadem ttber die 
sogenaunten AnUpoden," Nora Acta Xa«Hdiae, 1890, 57. 



STUDIES IN CROP PHYSIOLOGY 

D«Bciency*8ufficienc7 Effects of Fertilisers upon Growth and 
Protein Content of Wheat 

Bv K. N Lal, Sati A Malkani and H S Pathak 

iOmtribulioHs from th4 pfcmt Physiological UAoratory, College of Agricultural Resecffchf 
Betmes Hindu KJnlyersity) 

Received April 15, 1946 
(Communicated by Prof P Parija, r a sc ) 

Introduction 

In a previous paper* thfe effect of sub-optimal, optimal and supra-optimal 
doses of nitrogen, phosphoric acid and potash, was investigated urder cordi^ 
tions of pot culture. Specific responses under varied conditions of nutrient 
suji^ly m soil were pointed out : under conditions of non -limiting phosphoric 
acid and potash, nitrogen was noted to improve reproductive growth more 
than vegetative with each successive addition of this ingredient Potash on 
the contrary, improved vegetative growth more than reproductive when 
N and P were supplied in non-hmiting doses as basal dressing Phosphoric 
acid in sub-optimal and supra-optimai doses behaved like potash in increasing 
vegetative vigour ; in optimal dressings it improved reproductive growth 
and thus in effect resembled nitrogen High yields were under all condi- 
tions of nutrition invariably associated with low h,cight/tilJer ratio. Protm 
content was always high in cultures well suppliied with nitrogen and phos- 
phoric acid. 

While specific responses were thus recorded when each of the ingredients 
N* P, or K were varied only one at a time, it remained to be investigated as 
to how far the responses differed when one, two or three of these were 
simultaneously increased or decreased above or below their respective 
optimal doses. The present paper elucidates these effects under sand-cultural 
conditions. 

Procbourb of Experimentation 

Tae experiment was conducted in cement concrete pots 18 x ll*' in 
me each filled with 30 kgm. of sand. Eight scries of cultures were 
maintained as indicated below 

L Standard fertiliser culture \ where the standard dose of N, P, and K 
was maintained at 60 lbs. N, 40 lbs. PjO,, and 30 lbs. of K,0 per 
acre; actual quantity added per pot was calculated on top sur- 
face area basis of pots. Nutrients were added in the form of 
sulphate of ammonia, superphosphate and sulphate of potash. 

225 



226 


K. N. Ld and others 


2 Nitiogen deficienqy-sufficiency cultures ; where P and K were main* 
tained as in (i) and only N varied as i, i, 2, 4 and 8 times the 
standard dose. 

3. Phosphorus deficiency*suffictertcy cultures: where N and K were 

maintained as m (1); P varied as 2, 4, and 8 times the 

standard dose* 

4. Potash deficiency-sufficiency cultures: where N and P were main- 

tained as in (1) and only K varied as 2, 4, and 8 times the 

standard dose 

5 NP deficiency-sufficiency cultures: where K was maintained as in 

(1) and both N and P varied simultaneously 2, 4, and 8 

times the respective standard doses* 

6 NIC deficiency-sufficiency cultures: where P was maintained as m 

(1) and botli N and K varied simultaneously as i. 2, 4 and 8 
times the respective standard doses. 

7 PK deficiency-sufficiency cultures: where N was maintained as in 

(1) and both P and K. varied simultaneously as i, 2, 4 and 8 
times the standard doses. 

8 NPK deficiency-sufficiency cultures* where the dose of all the three 

ingredients was simultaneously varied as i* i, 2, 4 and 8 times 
their respective standard doses No basal dressing of any 
ingredient was applied* 

The treatments totalled 43, and were replicated five times, thus making the 
total number of cultures to 43 x 5 or 215 The experiment was conducted 
during the cropping season of 1939-40 on wheat (var Pusa 52) Six plants 
per pot were allowed to grow throughout the life-cycle. Fertilisers were 
applied at sowing Proper care was taken regarding watering and hoeing 
at successive stages of the hfe-cyclc. 

Growth cAaraerm,— Five plants, one from each replication, were selected 
at random, and tagged early in the hfc-cycle for the study of the following 
growth characiiers* (i) Height of the main shoot; (n) Number of green 
leaves on mam shoot; (m) Leaf length; (iv) Leaf width; (v) total number 
of tillers (shoots) per plant , (vi) car-bearing tillers per plant * (vii) ear length ; 
(vui) grain yield per pot ; (ix) straw yield per pot ; and (x) absolute wetjht of 
seeds* Records of these characters were maintained at one or different 
stages of the life-cycle Height/tiller and total tillcr/car-bearing tiller ratios 
were calculated on the basis of the mean lifc-cycIc values recorded for these 
characters. 
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Nitfogon content of grain — Analysis of grain was conducted on the 
composite grain sample from all replications. Composite sample of air-dry 
seeds was crushed in a laboratory mill; flour obtained was stored in air- 
^ ti^t sampbng bottles till it was needed for analysis Total nitrogen in flour 
was determined by Kjeldahl’s method modified to include nitrate nitrogen*; 
protein nitrogen was estimated by soaking the flour in 2 5 per cent solu- 
tion of tnchlor-acctic acid for an hour and filtering through ashless filter- 
paper After repealed washing with tnchlor-acetic acid, the leached material 
was digested With filter-paper as jn case of total nitrogen True protein 
percentage was obtained by multiplying the protein nitrogen by 6 25. 

Experimental Results 

A* Effects of Nitrogen upon Growth Characters and Nitrogen 
Content of Wheat 

Ail growth characters were affected by the level of nitrogen supplied to 
the culture medium (Fig. 1, Tabic 1) Height, leaf width, total number of 
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Table I 

Growth characters, yield, and nitrogen content of wheat under 
varying levels of nitrogen 


Standard dOM of N 601bs N per acre 



Characters ^ 

S/8 

B/* f 

S/2 

S 

2$ ^ 

43 

6S 

1 

Mean height (inches) 

13 83 

14-4 

16-16 

16-95 

19-83 

19-04 

16-40 

s 

Mean ntimber of green 
leaves on main shoot 

3 60 

3*62 

3-92 

8*44 

3 80 

4*12 

8*92 

8 

Mean leaf length (In ) 

5 81 

6 81 

6-44 

6*89 

7 82 

7-90 

6*94 

4. 

Mean leaf width (in ) 

0*33 

0-34 

0-38 

0-87 

0-47 

0-46 

0*42 

6 

Mean number of tillers .. 

8 56 

8 65 

4 90 

4*65 

6*16 

7-86 

6*85 

e. 

Number of ear bearing 
tillers 

Ear length (in } 

1 0 

1 0 

1 2 

2 0 

3 0 

3-60 

6-20 

7 

4-6 

4 48 

6-14 

6 10 

6-68 

6-24 

6-06 

8 

Grain ^eld (gm J 

3*0 

8 40 

6-40 

6-20 

18*30 

19-00 

12*60 

0 . 

Straw yield (gm ) 

6 8 1 

7 30 

11 60 

12-70 

30-10 

38*80 

23-00 

10 

Absolute Wt. (gm ) 

3 07 ! 

3 29 

3-20 

3-63 

8-31 

3*61 

1*87 

n 

Height/tiller ratio . 

3 » , 

3 66 

3 29 

3-64 

1 3.g2 

2-69 

2-68 

1*. 

Straw/gram ratio . 

1 93 1 

1 66 

1 80 

2*22 

1 1-64 

1-49 

1-84 

13 

Total Slier /ear-bearing 

3 66 

3 96 

4 08 

2*63 

! 2-05 

1 2-04 

1*02 

y tilleri 

14^ Total N % In gram 

1-093 

1-636 

1 474 

1 492 

1-656 

i 2 566 

2*692 

15 

Protein N % m gram , 

1 656 

i 1 476 

1-334 

1 334 

1*413 

1 2-466 

i 3-281 

la 

1 rue Protein % .. 

9-719 

; 0 226 

8 338 

8 -338 

8-831 

16-413 

1 20*606 

17 

Protein N as 56 total 
nitrogen 

91 849 

1 90 220 

1 

90-602 

89*410 

66*378 

1 92 846 

88-8a 


rtoi* --CharacCers 1 A 2 average of five stages (50. 45, 60, 90 and 120 days). 

3-5 mean of four stages (30, 45. 60 and 90 days). 

„ d-7 recorded at one stage (120 days) only 

„ 8-10 recorded at harvest. 

„ 11 4^ >3 * calculated O'oai mean life>cycle values. 

„ 12 calculated Orora values at harvest. 

„ 14-17 . quantitative estimation m harvested grain 

C D at 5% for grain yield only ± 2 27. 

tillers, car-bcanng tillers, ear length, gram and straw yield were higher under 
heavier nitrogen dressings Supra-optimal doses of the order of 2 or 4 limes 
the standard level were very effective in bringing about the above changes. 
Yields of grain and straw were maximum under these doses Further increase 
in nitrogen to eight times the standard dose, though helpful m so far as ear* 
bearing tillers was concerned, proved to be toxic in effect. This was noticeable 
on all characters. Range of toxicity differed with the character; in some 
cases for instance, height, toxic effects of nitrogen were evident at lower 
levels ; m others, they were evm^d only under the highest dose of nitrogen 
tried m these investigations yfotal nitrogen and protein nitrogen content 
of gram were increased with each successive increase in nitrogen even ujrto 
the highest supra-optimal dose.* Protein nitrogen expressed as percentage 
of total nitrogen, however, was not affected so much. 

^ * For purposes of comparison all ettbeto m diicuisod rbUtiva to sUiida(4 dMs of 
(SO Um. H *0 lbs and 30 lbs, K,0— doses wtdeh mn fovtoA optbnal in the lomtsti* 
•aiioas of nutnuonal response <*)* 
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It waa curious to note that while height and tillering both increased with 
nitrogen application, the ratio of height/tillcr showed a decrease with 
increasing nitrogen levels There appeared to be greater production of tillers 
under heavier nitrogen doses than a corresponding increase in height. The 
proportioiv^f total tiller to car-beanng tillers increased under sub-optimal 
dressings b% definitely fell down under optimal and supra-optimal doses of 
nitrogen. High gram yields under heavy applications of nitrogen were thus 
associated with low height/tiller and low total tiller/ear-beanng tiller ratios; 
conversely, low yields were associated with high ratios of height/tiller and 
total Uller/ear-bearing tiller Straw/gram ratio on the other hand, was high 
under optimal doses and declined on both sides of the optimum. 

B Effects of Phosphoric Acid upon Growth Characters and 
Nitrogen Content of Wheat 

Effects of phosphoric acid under otherwise adequate supplies of nitrogen 
and potash were less characteristic. Increasing doses of P were helpful in 
improving vegetative vigour, increasing height, tillering and leaf length; 
this was particularly noticeable m supra-optimal dressings. Grain and straw 
yields were also hi^ under these high doses In general, sub-optimal 

Table II 

Growth characters, yield and nitrogen content of wheat grain 
under varying leveh of phosphoric acid 


Standard dose of P » 40 lbs per acre 


Characters 

S/8 

1 

S/4 

S/2 ' 

S 

2S 

4S 

8S 

1. 

Mean height (inches) 

18 24 

i 17 54 

17*74 ^ 

16 03 

: 19 96 

19*35 

20*10 

R 

Mean number of green 

3 68 

3 60 ' 

3 64 

3 52 

1 3*40 

3*83 

3*52 


leares on main shoot 



1 


1 



S 

Mean leaf length (in ) 

6 78 

6*77 

7 45 

8 73 

8 08 

7 81 

7*38 

4. 

Mean leaf width (u ) 

0*46 

0*38 

0 40 

0*38 

1 0 43 

0*40 

0 44 

a. 

Mean number of tillers .. 

4*55 

4 05 

5 45 , 

4 65 

1 6*75 

6*45 

6*10 

6. 

Number of ear-bearing 

3 0 

2 2 

2-0 

2 0 

i 4 2 

2 6 

4 0 


tinera 








T. 

Ear length (in ) 

fl*36 

5 62 

5 82 

4*1 

5 62 

5 44 

5*S0 

8. 

Grain yield (gm.) 

8 2 

7 2 

7*0 

5 2 

14*2 

14 52 

14 0 

8. 

Straw yield (gm ) 

15 S 

15*8 

12 8 

12*7 

27 8 

23 8 

27 2 

10 . 

Abeointe/weight aeeda 

3 18 

3*38 

3 82 

3 63 

8 29 

4 00 

3 20 

U 

Height/tUler ratio 

4*0 

3 56 

8*25 

3*64 

2 95 

3*0 

8*3 

IS. 

Straw/grain ratio 

1 62 

2 10 

1 83 

2*44 

1 74 

1*62 

1*04 

IS. 

Total tilleia/ear bearing 

1 52 

2*25 

2 77 

2 32 

1 ao 

2*49 

1*52 

r/ 

tillera 

Total N ^8 u grain 


1*425 

1 416 

1 462 

1 347 

1 

1*401 

1 483 

15. 

Protein N ft In grain 


1 300 

1*327 

, 1 334 

1 275 

1 321 

1*831 

IS* 

Two Protein ft 

8*11 

8 110 

8 204 

1 8 33S 

1 7 066 

8 256 : 

8*310 

IT 

Protein K as ft total 

86*606 

01*228 

03*715 



04 280 1 

89*750 


nitrogen 




1 86 410 

1 64 653 




Refer TaUe I ; C. D at (1% for (pain yield t ± 
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dressings were less useful than supra-optimal doses on majority of plant 
characters Leaf number remained practically unaffected ; so were the eflSeets 
of varying phosphoric acid supply upon total nitrogen and protein nitrogm 
content of the grain. Higher doses of P. however, helped in greater pro* 
portion of protein to total nitrogen (Fig 2, Table 11) 



Fio. 2. Effect of varying level* of phoipborie acM upon irowth oharaotgn 
and nitrogen content of wheat grain 


Straw/grain ratio fluctuated only slightly with each successive additions 
of P and exhibited higher values for the standard dose. Height/tfller ratio 
showed a characteristic fall with increasing doses of phosphoric acid. There 
was a greater tendency of tillering as compared to shoot elongation under 
heavy doses of P, Sub-optimal doses of the order of ^ and ^ the standard 
level of phosphoric acid, showed increasing ratio of total tiller/ear-hearirc 
tillers: supra-optimal and optimal doses with one single exception lowered 
it. There was a tendency of greater fertility of tillers under heavy phi^phprom 
feeding than under lower levels of phosphorous nutrition. 
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C 'Efftcts of Potash upon Growth Characters and Nitrogen Content 

of Grain 

The effects of potash were quite contrasting m supra-optimal and sub- 
optimal doses. In the latter case, increasing potash resulted in low gram 
and straw yields, accompanied by more of less similar decline in leaf size, 
fertile tillers, ear length, and absolute weight of gram. Increasing potash 
application m the sufficiency series resulted on the contrary, in improving 
grain yield, straw, ear length, tillering particularly fertile tillers erd kaf size 
(Fig. 3, Table III). Total nitrogen content of grain and protein nitrogen 



Fid. 3. EfiTects of locrsatiog levels of pousb upon growth dmnetere and nitrogen 
oogtent of wheat gram 

percentage, did not differ materially except under the highest dose when 
highet values were recorded. Protein nitrogen expressed as percentage of 
total N was, however, slightly higher under supra-optimal potash dressings. 
Straw/grain ratio also altered but littfe except under heaviest dose of potash 
which raised it. Increaatng potash upco standard dose produced larger 
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Tabls 111 


Growth characters, yield and nitrogen content of wheat grain as 
Hffected by varying levels of potash 

Standard dose of potash 30 lbs K^O per acre 



Characters 



1 S/2 

s 

28 

1 

83 

1 

Mean height (inches) 

19*27 

19 16 

28 89 

16 96 

IS 72 

20*70 

19 10 

2 . 

Mean number of green 
leaves on main shoot 

3*3 

1 3*92 

8 32 

8*4S 

3*20 

i 

8*40 ‘ 

3*48 

3 

Mean leaf length (in ) .. 

7*78 

7*61 

7*67 

6*73 

7.78 

8*86 

7*88 

4 

Mean leaf width (in ) 

0*40 

0 38 

0*88 

0*40 

0 46 1 

0*46 

0*42 

fi. 

Mean nomber of tillers 

6 40 

6*70 

6 30 

4 66 

6*95 

6*66 

6*96 

6 

Number of ear bearing 
tillers 

8 2 

2 8 

2 6 

2*0 

3*0 1 

1 

8*4 

2*6 

7. 

Ear length (in ) 

6*86 

6 2 

4 6 

6*1 

6*36 

6 86 

5*18 

8. 

Grain yield (gm ) 

14 8 

10 0 

9 4 

*6 2 

11 0 

16*62 

6*4 

9. 

Straw yield (gm ) 

26*2 

21*4 

20*6 

12*7 

22 4 

24 8 

24*4 

10. 

Absolute wt of seeds 

3 71 

8*42 

3 38 

3 63 

3 31 

8*53 

8*89 

11. 

Height/tiMer ratio 

3*67 

3*36 

4*41 

S 64 

8*16 

3*73 

8*21 

13. 

Straw/grain ratio ., 

Total tUler/ear bearing 
tiiUrs 

Total N ft in gram 

1 83 

2 14 

2*19 

2*26 

2*04 

1 66 

3 81 

13. 

1 69 

2 03 

2 03 

2*32 

1*98 

1*63 

2*29 

14, 

1 601 

1 801 

1*444 

1*492 

1*406 

1 309 

1*444 

IS. 

Protein N ft in grain 

1*300 

1*352 

1 263 

1 334 

1*271 

1*844 

1*891 

16 

tVue protein ft 

S 11 

S 46 

7 894 

8*338 

7*944 

7*775 

S-700 

17. 

Protein N as ft total 
nitrogen 

86*609 

90*073 

87 466 

89*410 

90 462 

95*034 

1 

96*390 


Refer Table X $ C D. at 5% for grain yield * ± 0*97. 

number of shoots as compared to fertile tillexs ; further increases improved 
fertility of tillers moite. Height/uller ratio was affected less mailcedly* 

Z), Effects of Levels of NP upon Growth Characters and Nitrogen 
Content of Grain 

When both nitrogen and phosphoric aad were raised simultaneously 
from the lowest sub-optimal to the ^ghest simTa-optimal level, the effect on 
growth characters and nitrogen content wSw most characteristic (Fig, 4, 
Table IV). Height, leaf size, tillering, ear length, gram and straw also 
increased with each successive additions of these two ingredients. Absolute 
weight was increased only upto the standard dose and later declined under 
supra-optimal dressings Green leaves on the main shoot showed a conti- 
nuous fall with each successhvc increases of NP even upto the highest dose 
of these ingredients. Total and protein nitrogen in sub-optimal and opdmal 
dressings were not affected markedly; in higher doses of NP» these wei^e 
markedly increased. Protein N expressed as percentage of total nitrogen 
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sli^tly increased under NP application upto four times the standard dose 
of these ingredients and only showed a fall under highest level of NP, 

Straw/grain ratio was increased in response to NP application upto the 
standard level but subsequent increases lowered this ratio, Hei^t/tiWcr 



Fto, 4. Bflect of increasing levdi of NP upon growth character! yidkt and aitrogen 
oometit of wheat grain. 

ratio was progressively lowered with each successive additions; the effects 
on total tiller/ear-bearing tillers though simUar were less characteristic, 

ff. Effects of NK t^on Growth Characters and Nitrogen Content 
of Wheat Grain 

Simultaneous increases in NK under otherwise constant level of P, 
also helped in improving majority of growth characters. Increases upto 
two or four times the standard dose improved vegetative vigour, increased 
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Table IV 

Growth characters, yield and nitrogen content of wheat grain as 
Influenced by varying levels of NP 


Standard dose of NP« 60lba N plus 40)bs P|Of per acre 



Characters 

S/8 

S/4 

S/8 

— n 

S 

IS 

48 

8S 

h 

Mean height (Inches) .« 

13*86 

14 60 

17 SS 

16*97 

20*11 


19.77 

% 

Mean number of green 
leaves on main shoot 

8 88 

3*72 

3*84 

3*48 

8*62 

8*80 

8*38 

3. 

Mean leaf length (in ) 

5 90 

6 19 

7*28 

7 18 


3‘se 

7*98 

4. 

Mean leaf width (In ) 

0*32 




■igvB 

Ksn 

0*41 

6. 

Mean ntmber of tillers 

8 0 

s i 1 

4*85 

4 66 

6*96 

7*0 

6*50 

6 

M ean ontnber of ear* 
bearing tUlera 

1*0 


1 8 

so 

8*2 

8*6 

8*4 

7, 

Ear length (in ) 

Grain yield (gm ) • 

4 6 

4 88 


msm 


6 70 


8. 

3 4 


6 8 

6*2 

19*6 

19*68 

14*80 

9. 

Straw yield (gm ) 

6 8 

9 6 

16*4 

IS 7 

26 0 

89*4 

23 8 

10. 

Absolute wt. of seeds « 

2 76 

S 19 

8 24 

3-07 

3*48 

8*84 

8*66 

11. 

Height/tiUer ratio 

4 62 

mstm 

4*35 

8*66 

8*89 

8*86 

8*41 

18. 

Straw/grain ratio .. 

8 0 

1*92 

8*88 

2*41 

1*32 

1*49 

1*57 

18. 

Total tlller/et^bearl^g 
tillers 

8 0 

3*2 

8*36 

S'SS 

2*17 

8*69 

1 61 

14. 

Total N ft In grain .. 

1 775 

KlLHil 

1*482 

1 402 

UKl 

2*656 

8*886 

18. 

Protein N ft in grain 

1*839 

1*449 

1 321 

1*384 

lJ*698 

2 419 

8*569 

R 

True Protein ft 

9*619 

9 056 

8*266 

8*838 

11 -<43 

16*119 

15*994 

17. 

Protein N as ft total 
nitrogen 

86*704 

95 829 

ss>m 

89*410 

93*488 

91*076 

77*890 


Table I, CD at 0% for grain yield • ± 


height, leaf length, tillering, ear length, grain and straw yields (Fig. 5, Table 
V). Number of green leaves on main shoot and absolute weight of seeds 
were not much affected by level of NK upto two times the standard dose. 
Highest dose lowered absolute weight but increased green leaves on main 
shoot. Leaf-width was not markedly affected by supra-optimal doses of 
NK Total nitrogen and protein N were only increased under heavier 
doses ; proportion of protein nitrogen to toal nitrogen was also higher under 
supra*optimal dressings of NK. 

Straw/grain ratio was improved slightly with each successive application 
ujSto optimum ; higher doses (heaviest level excepting) lowered this ratio 
markedly. Ratio of hcight/tiller and total tiller/car-bcaring tiller also 
declined with each increase in level of NK. 
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fte, 5. EtfttcU of increasing levels of N K apon growth characters, yield and utrogen 
conMit of wheat gram. 

K Effects of PK upon Growth Characters and Nitrogen Content 
of Grain 

Barring the standard dose of PK, increases in phosphoric acid and potash 
under otherwise adequate nitrogen supplies, raised grain, straw and tillering 
upto 2r4 times the standard levels of these ingredients (Fig 6, Table VI). 
Loaf size was less markedly affected. Absolute weight of seeds and green 
leaf number showed tendency to increase under supra^optimal doses of PK. 
Total nitrogen and protein nitregen increased upto the standard dose of PK 
and later decreased with heavier applications. Proportion of protein N 
to total mtrogen did not vary much under different dotes. 




^’ll^^-Refer Tibia 1 ; C D at 8% for grain ylald i 1 W. 

Table VI 

Growth characters, 0 and nitrogen content of wheat irain 
as influenced hy varying doses of H 
Standard doK of P K « 40 lbs. P}0| and 30 Ibi, K,0 per acre 


Cbaractari 

S/8 

S/4 

S/2 

S 

3$ 

48 

88 

I Mew heiglil (leches) .. 

t Mean nember of green 

lakvee on main shoot 
t Mem leaf length (In ] •• 

f Mean leaf width (in ) .. 

S Mem nember of tillers •. 

e Mean number of ear 
beating tillers 

7 Ear length (in,) •• 

8, Grain yield (gm) 

i Straw yltld (gm ) i< 

10 Absolnte f t. of seeds •• 

II Helght/tiller ratio •• 

it fitraw/|rMn ratio • 

11 Total tlller/ear'beiring 

tillats 

14, Total N ♦ in gram N .. 

10, Protala N le 1 total N . 
14. Traa Protein % 

ii Protein N at H total 
Bltrogea 

20>38 

3<6I 

7-33 
i 0<43 

4 75 

{.4 

5<8 

13'i 

34 3 

3>5 

439 

1'84 

191 

l'40l 

1>3I8 
7138 
88 365 

19>76 

8*58 

7-79 

0-41 

i'80 

{.g 

66 

1S<6 

|4'3 

8.28 

4'29 

178 

1.84 

1426 

1>300 

8*11 

91*238 

20 63 
836 

7>68 

0>44 

646 

3.0 

668 

II'O 

323 

8>37 

3>78 

3 01 
1<81 

1436 

1816 

8'218 

92'I81 

16 86 
3>48 

6<78 

0*37 

4>66 

3.0 

61 

5.2 

12 7 

S<08 

8>64 

244 

3<33 

1>492 

1<384 

8<838 

89'410 

I9>39 

368 

7-87 

0>41 

e>io 

3-6 

6>64 
14.6 1 
34 8 
3'44 
3'ia 
Mi9 i 
169 

1>444 

1<316 

8>!19 

91'008 

3M6 

8'64 

7-70 

0*46 

6>80 

3.0 

6'88 

I6<16 

383 

3<90 

3<60 

1>74 

1'93 

1387 

l'S69 

7>881 

9I<881 

31<86 

8'80 

8>26 

0*48 

I'lO 

3<8 

6>48 

16.0. 

38'4 

3.43 

888 

169 

lit 

1.486 

1.238 

7711 

88.877 


iVier>Rifer Table 1 1 CJA at (I for pain jleld i tb I'M, 
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Table Y 


Qmth dimeters, yield and nitrogen content oj wheat grain 
as affected by varying hels of I^K 
Stu4ard dote of NX « dOlk Npliu 301bi K|0 per acre 


Chiruten 

S/8 

8/4 

S/3 

S 

3S 

4S 

8S 

1. Men height (iochei) , 

IS'36 

16 39 

18 19 

16 98 

Hi! 

18>01 

1683 

i. Men awnber of greea 

3'44 



344 

8 66 

8>44 

484 

leavei on nam shoot 








3. Men leaf leojib (in ) „ 

6'74 


6 83 



8 24 

6*81 

4 Men leaf width (in ) , 


■ii|l 

mmm 



nww 

US 

5 Men Qunber of tlllera 


in 





4<08 

(, Mean annber of ear 
bearing tillers 

7, far length (in) 

1*3 

m 

22 



68 

6>8 

i>84 

Hi 




8*73 

8*44 

8 Grain jlild (gn) , 

8 Straw yield (gm ) 

384 

71 

81 

98 


82 

12 7 

164 

3S>4 

lt>6 

308 

6<0 

10 8 

10 Abeelete weight of seed , 

363 





384 

3'19 

11 Height/tijler ratio . 

8 38 

419 

3 46 

3«81 

328 

2'81 

839 

13, Strtw/graln ratio „ 

206 


2 27 

2 43 

1>44 

1<63 

3>80 

18 Total tiller/ ear-bearing 

3 37 


2 39 

2 23 

187 

1 14 


tillers 








Id Total N % In gram 


1801 

1462 

1492 

1693 

e 

3<618 

18, Protein N Sin grain , 

1491 

1361 

1337 

1334 

1893 

>* 

3«428 

14. True Proteins 


BMi 


8 338 

9 980 

et 

31<394 

17, Protein N as S total 

tlllllll 

90 673 

9146 


04>034 

ee 

04>61 

nitrogen 
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Fio. 6. Effects of increaimg levels of PK upon growth characters, yidd and nitrogea 
content of wheat grain. 

Straw/grain ratio was higher under standard treatment but remained 
unafTected in dehcient and suifiefent cultures. Total tiJlers/ear-beanng tillers 
was low under low doses, increased to a peak value under standard treatment 
and later d^lined. Supra-opUmal doses also showed tendency to increase 
this ratio but were less effective. Hcight/tillcr ratio declined with each 
successive addition upto two times the standard dose of PK and later 
increased with farther raising of the dose 

Q, Effects of NFK upon Growth Characters and Nitrogen 

Content of Grain 

\ 

When all the ingredients were simultaneously increased, usi^ul effects 
were noticcabteon height, leaf length, leaf width, tillering, ear length, grain 
and straw yield, Supra-optimal doses of NPK wer^ better in these regards 
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thas 8utH>ptimal or optimal doses. Absolute Weight of seeds was how* 
ever, not affected by hi^er doses beyond that of the standard culture (Eg. 7, 
Table VII) Total and protein nitrogen on the other hand showed slight 



f>». 7. Effects oT mcteasiiig iMcli of MPK upon growth c haf a e te n . ykitf Md 
aitngw ooataat of whaat gnin. 

fall With inci^asing NPK upto the standard dose of these ingredients. 
Increases beyond this raised these markedly. The proportion of protein 
nitrogen to total nitrogen, however, fell down characteristically. 

Straw/grain ratio increased with each successive addition upto the 
standard dose of NPK; farther rhe in fertiliser dose lowered this ratio 
markedly. Ratio of total tH!w/ear-bearin^ tiller was simiiaxly affected. 
Height/tiUer ratio, on the contrary, declined wah each successive ap^ka* 
ions of NPK. 
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Growth characters, yield and nitrogen content of wheat ghi^ 
as affected by varying levels of NPK 

SUiidard dose of NPK - 60 lbs N,40Jb8 PjOg and 30 lbs K^O per acre 



Chfttacteri 

s/» 

b/4 

S/2 

S 

1 *s 

4S ' 

ts 

1. 

Mean height <inches) 

12 41 

1 

1 13 6« 

18 06 

, 16 96 

1 

18*29 

13*48 

18 89 

s. 

Mean number of green 
leaves on main shoot 

8*60 

1 3*08 

3 48 

3 48 

3 60 

3 84 

8 84 

> 

Mean leaf length (In ) 

6«45 

1 6 60 

6 17 

i 6*69 * 

7*72 

7*63 

6*92 

4. 

Mean breadth of leaf On ) . 

0*31 

1 0 30 

! 0 36 

i 0 37 

0 46 

0 44 

0*U 

6, 

Mean nnmber of UUers 

2-4 

, 8 3 

1 80, 

4*66 

6 86 

7 1 

6 1 

6. 

Mean number of ear 
bearing tillers 

1-0 

1 0 

10 

2*0 

2*6 

8 0 

' 2*8 

1 

7. 

Ear length (in) 

Grain yield (gm J 

4 26 

1 4*10 

4 64 

5 10 

6 60 

6 94 

, 6*64 

8 

2 6 

2 9 

4*2 

6 2 

14*1 

1 17 2 

14*0 

9 

Straw yield (gm ) 

4*0 

> 5 3 

8*7 

12*7 

20 8 

23*7 

' 24*1 

10 

Absolute wt of seeds 

3 02 

2 08 

3 10 

3 63 

3 56 

1 3 60 

3*26 

11, 

Helght/tUlct ratio *« 

6 17 

414 

4 62 ! 

3 64 

2 67 

2*60 

1 3 Ot 


Straw/grain ratio 

1*66 

1 80 

2-07 1 

2 43 

1 46 

1 38 

1 72 

is. 

Total tiller/ ear-bearing 

tUlers 

Total N % in grain . 

2 4 

3 3 

3 9 I 

2 S2 

2 63 

1 60 

2 17 

14 

1 700 

1*612 

1*436 

1 492 1 

1*631 

2 086 

, , 

ih 

Protein N % in giain 

1 617 

1 m 

1 300 

I 334 

1*392 

1 867 1 

, 

18. 

Ti^ie IVoteln % «. 

1O‘1O0 1 

1 S'OSS 

3*110 

8*338 

8 700 

11 606 ; 

.. 

17. 

Protein N as 1 ot4 N . 

1 

06 106 

00 692 

89 410 

00 921 

89 022 

■ 


Table I , C.D at 5 % for grain yield i i 4*26 


Discussion 

Data recorded on the effects of increases in one. two or three ingredients 
In the culture medium, indicate at least one feature m common in all the 
scries* vts , the augmentative effect of such increases upon growth upto a 
certain level and a toxic or deleterious effect beyond a certain dose The 
level at which optimal effects were noticeable varied from two to fbur times 
the standard dose in the different senes of cultures The effects of these 
optimal doses have been found to be statistically significant from the point 
of vieW grain yield Deficient supplies of nitrogen in doses lower than 
the optimal* resulted in lower height, smaller width, poor tillering and low 
fertility of tiller*, shcffter ear length, poor graiil and straw yields, \oS!f protem 
eotiteht and high total tUler/ear-beaTing tiller and hoight/tiller ratios Suffi- 
eiency of mthigen (nitrogen beyond the optimum dosage) had a harmful 
eflfcct upon majority of growth characters, gram and straw yield, but were 
lisefet feoffl the point of view of protem content of grain * proportion of 
ptotdn nitrogen to total nittogcri was also slightly improved. Excess of 
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nitrogen also produced plants low hcigJit/tiUcr and total til1er/ear« 
bearing tiller ratios* 

Sub-optiraal phosphoric acid dressings (deficiency of P) produced plants 
with low vegetative vigour, poor height and tillering, greater height/tillcr 
ratio, low gram and straw yields and poor rftraw/grain ratio. Supra-optimal 
dressings (sufficiency of P) had marked augmentative effect upon tdlcfing 
and height but very little effect upon yield of gram and straw; height/tillcr 
and straw/grain ratios were markedly reduced While protein nitrogen 
was not markedly affected, the proportion of protem to total nitrogen was 
slightly improved m sufficiency cultures indicating thereby the better ability 
of the plant to convert mofganic nitrogen into organic nitrogenous com- 
pounds, 

Dificiency of potash under otherwise adequate supply of nitrogen and 
phosphoric acid, resulted m useful effects: high tillering, larger ear length, 
greater straw and gram yields, relatively high protem and total nitrogen 
content, low total tillcr/ear-beanng tiller ratios were the characteristic physio- 
logical symptoms of potash deficiency. Leaf characters did not respond so 
characteristically* Sufficiency of potash improved leaf size tiUermg, gram 
and straw and total and protein N but lowered total tiller/ear-bcaring tiller 
and height/tiller ratios 

D:ficiency of both nitrogen and phdsphoric acid retarded vegetative 
vigour and development of all growth characters. Poor height and tillefmg 
shorter car length and leaf size, smaller absolute weight of seeds and low 
gram and straw yields were noted Height/tillcr and total tillcr/car-bcaring 
tiller ratios were high. Sufficiency of NP caused deleterious effects on abso- 
lute weight, reduced gram and straw, lowered height/tillcr total tiller/car. 
bearing tiller and straw/grain ratios but improved nitrogen content of grain. 

NK deficiency also resulted in poor height and tillering, small leaf size 
and car length, low grain and strew yields but high hcight/tillcr and total 
tiUer/car-bcaring tiller ratios. Sufficiency effects of NK were most marked 
on increased protein and total nitrogen content of grains, high tittering, 
greater ear length but poor development of plant in other directional 

PK deficiency under adequate nitrogen manuring was usefid from the 
point of view of ear iength^ grain and straw and hei^t/total till^ ratio. 
The latter was noted to be unusually high indicating lack of production of 
shoots in proportion to increases in height of plants. Sufficieni^ of these 
two ingredients caused better development of leaves, greater absolute weight 
of Seeds and higher yields of straw and grain. Effects on nitrogen content 
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of grain were identical inasmuch as sufficiency and deficiency of PK both 
lowered the amount of nitrogen m seeds. 

Increasing deficiency of all the three ingredients NPK was associated 
with all-round poor development of plant, low grain and straw yield but 
greater heigh t/tillcr ratio Sufficiency of these had no appreciable 
effects upon grain or straw yields nor were the effects injurious from the 
point of view of development of the plant. Low height/tiller and total 
tillcr/ear-bearing tiller ratios and high protein and total nitrogen content 
along With usefti] effects on all characters were the impOi^tant effects of 
sufficiency of all the three ingredients 

Judged from the straw/grain ratio obtained in different cultures^ defi- 
ciency of all the ingredients (K excepting), viz . N. P. NP, NK, PK and NPK 
Jower^ vegetative growth more in proportion to reproductive growth. 
Sufficiency effects of all these fertilisers were alsb more or less identical. 
High yet balanced vegetative and reproductive gfowth was only recorded 
under the standard doses. Again, in majority of the cultures, high yield of 
grain was associated with low height/total tiller ratio. TTie greater the pro- 
duction of tillers relative to shoot elongation, the lower was the height/tiUcr 
ratio and the greater appeared to be the chances of a particular nutrient 
ratio to exhibit high yield 

Oi total nitrogen and protein content of gram, the effects of sufficiency 
of nitrogen whether applied alone or with P or K was decidedly very here- 
flcial. In absence of supra-optimal nitrogen doses as in PK, K, and P 
senes of cultures, augmentative effect was not so evident ; under such condi- 
tions of nitrogen supply, deficient or sufficient PK, K and P cultures behaved 
identically. Indications were howevor. evident m the NPK series of cultures 
that deficiency of all these entities was slightly better than standard cultures 
in improving nitrogen content of gram. Nutrient status of the medium thus 
markedly affected growth and protein accumulation in wheat Further 
discussion of the nutrient effects shall be taken up in later communications. 

Summary 

» These investigations deal with the deficiency-sufficiency effects of nitro- 
gen, phosphoric acid and potaab, on the growth behaviour and nitrogen 
content of wheat gram. Eight series of cultures were maintained. In each 
case plants were grown in well washed sand and the levels of fertilisers 
varied from a low level of deficiency to high doses of sufficiency so as to 
induce marked variations in the nutrient status of the culture media. The 
foHowittg were the deficiency-sufficiency effects of different fertilisers; 
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NHf*Qz^ deficiency caused lower height, smaller width of travel, goof 
tillering, low fertility of tillers, shorter ear length, poor grain and 
straw yield, low protein and high height/tdler and total tillei/eat- 
bearing tiller ratios, 

Nitrofren sufficiency improved protein content /9^JJ,**oduccd plants with 
low hcight/tiUcr and total tillqr/ear-bearinsKmos 

Phosphorus deficiency induced poor vegetanvc vigour, poor height, 
fewer tillering, low straw and gram, and reduced straw/gram ratio; 
hcight/tiller ratio was greater. 

Phosphorus sufficiency caused marked improvement in tillering and 
height but reduced height/tiUer and stcaw/grain ratios. Prop<trtion 
of protein N to total N was slightly high. 

Potash deficiency induced high tillering, larger ear length, greater straw 
and grain, high protem content but low total tiUer^ar^bcanng tilUt 
ratios. ^ 

Potash sufficiency improved leaf size, tillering, gram and straw yields ; 
total and protein nitrogen in grain was raised. Total tiHcr/ear-bearin| 
tiller ratio was lowered 

Potash effects were almost identical in all the sufljcicncy and dcfici* 
cncy cultures 

Dsficiency sufficiency effects of NP, NK and NPK were largely pre- 
dominated by the relative quantity of nitrogen present and not so much by 
the complimentary dose of P and K. In PK deficiency culturea, the cffecti 
were pr^ominated by the relative quantities of both F and K Distinctive 
symptoms produced in each case have been discussed. 

Balanced vegetative and reproductive growth were recorded under the 
standard fertiliser culture High yields were invariably associated with low 
height/tiller ratios m all the nutrient cultures; high protein content of seeds 
however, was not necessarily associated with high grain yield 

Thanks are due to Professor P Parija, M A., I.E S., DSC , Vice- 
Chancellor, Uikal University, for bis help and keen ntcrest in the work 
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‘ LATENT WITHER-TIP INFECTION ON CITRUS 


By R. P AsniANA, M Sc . TIC. Ph D (London), F A.SC 

{MycQlogist to Government, C i*. 4 Beratt Nasipw) 

Reocfvcd Sept«mb«f 24, 1946 

In most of the citrus gardens of the Central Provinces and Berar, smal) 
pinkish-white fungal areas, varying from half an inch to two inches \r\ dia- 
meter, were observed on trunks and mam branches of orange plants Twigs 
mciisuTing more than half an inch in diameter were also occasionally infected, 
Water-shoots and young twigs were always found free from the infection^ 
These thin crust-like small areas may cither be scattered on different p^rts 
of a branch or some of them may coalesce together forming larger patches. 
In almost every garden, where wuher-tip disease happened to occur in severe 
form, these patches were found m abundance and were specially noticeably 
in localities like Nagpur, Saoner, Rasoolabad, Jalgaon, Burhanpur, 
Pandhurna and Dhamtan. Mosambi plants at Saoncr and Pandhurny 
were also found covered with such patches. 

It has been observed that during summer months, the mycelium of the 
fungus survives m the form of pink coloured stroipa m small crack^ m thff 
bark of orange or mosarabi trees and persists as inter- and intrafC(;iiular 
parasite in one or two layers of the cortical tissue An examination of the 
fungus proved it to be Colletotrichunx gheosporioides Penz. 

Branches of three-year old orange plants were artipcially inoculated 
with pure cultures of the pathogen. Typical symptoms of wither-tip disease 
with severe dic-back of the young shoots appeared after four weeks of 
inoculation and were specially marked under humid conditions. Pmkwht. 
white patches were formed on the inoculated branches of the plants. Qo 
reisolation and examination, the fungus proved to be identical to the stram 
of ColIeMrichmi gloeosporioides by which it was inoculated 

On rice-mcal agar medium the fungal colony appears pink in colour, 
w4th dark-brown pin-head like acervuli dotted all over the surface. SmaB 
hyphal knots arc produced. Aerial mycelium is scanty and irregular. The 
hyph» are first hyaline but later turn hght-black in colour, varying m dit^-' 
meter from 2 ‘9 to 7 iw (average 4* 17^). Spores are unicellular, oval in sbapier 
with two to three oil globules and m mass present a pinkish appearance 
Ihc size of the spores vary, breadth from 4-13 to 7/* and length i*46 to 
15*Of4 (average 5 5 by 13‘0^*). The dimensions of the acervuh ^rf) 
variaUe. The setr, measuring 56 to 133fc m length, are four to five 
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with a gradually tapermg terminal cell; the two basal cells presenting a 
jointed appearance. At the two ends of an acervules the setsa are longer 
and broader than those in the middle. 

Investigations of several authors have given strong reasons that the size 
and shape of the spores of CoUetotrichum gheosporioidcs are extremely 
variable. Penzig’s* (1887) measurements are 16 to 18/* by 4 to 6p while 
that of Rolfs^ (1904) 10 to 16 w by 5 to 7 m Burger* (1921) has found great 
variability in spores of different strains of this fungus, the mean length varied 
from 11*5 to 20 3a and the mean width of the same strain varied from 3*2 
to 6-4a Chaudhan* (1936) has isolated four strains and has mentioned 
that the length of the spores vary from 11*2 to 21 *0/* and the breadth from 
2'4 to 7 Oa, the mean values being 13 0/* and 5*5/* respectively which 
corresponds to the mean values of the spores of the strain of C gheospofioide 
isolated by author Baker, Crowdy and McKcc* (1940) in reviewing the 
jirogress of investigations m latent infection by C, gloesporioides and allied 
species state that numerous isolations of the fungus from grape-fruit and 
papaws fall into three groups. The strain of C gloeosporioides isolated by 
the author appears somewhat similar to the strain A, No, 316 mentioned 
by Chaudhan* (1936) and falls more or less within the second group of 
Baker, Crowdy and McKee* (1940) 

Baker* (1938) had described the occurrence of latent infection in citrus 
fruits due to CoUetotrichum gloeosporioides and mentions that m Trinidad 
dead wood bore conidia of the fungus The prcjercc of the acorvuii of 
C. gloeosporioides on dead wood has invariably been observed by the 
author It has been further noticed that in spite of systematic and severe 
pruning of the diseased trees in a garden, withcr-tip disease appeared 
during the periods of low temperature and high humidity, and prt^uced 
die-back symptoms It therefore appears that the persistence of 
C. gloeosporioides in small pockets and cracks on the main branches and 
trunk is in every likelihood a method to tide over the unfavourable atmo- 
spheric conditions of the Central Provinces and Berar as they are specially 
apparent during summer months of high temperature and low humidity. 
With the advent of high humidity and low temperature during rainy months, 
ihp fungus becomes active and gives rise to wither-tip disease. Further 
study on the problem is in progress. 

Summary 

1. Small pinkish-white fungal areas of CoUetotrichum gheosporiotdes 
Penz. Were observed on trunks and mam branches of orange plants, 
tn certain localities mosambi plants were also infected. 
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2. Water shoots and young twigs were always found free from the 
infection. 

3. During summer months tlie mycelium of the fungus survives m the 
form of pink coloured stroma m small cracks in the bark of orange or 
mosambi trees and thus tides over the unfavourable atmosphere condition. 

4. Mycelium on tlie host persists as inter- and mtra-cellular parasite 
m one or two layers of the cortical tissue. 

5. The disease could be induced artificially 

6. Measurements of the spores, sel» and hyphae are given. 

7. The isolated strain of C fiheosporioides corresponds to strain A, 
No. 316 of Chaudhari and practically falls within the second group of Baker, 
Crowdy and McKee. 

8. Accrvuli of the pathogen has been observed on dead wood also 
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THB NATURE! OF PROTBINASEIS OP THERMOPHILIC 

BACTERIA 

By N N. Chopka, FA Sc. 

R«ceiv«d April 29, 194( 

TU proteolytic enzymes of bactena and molds have not been sufficiently 
studM and the nature and type of microbial protemases are still unperfecUy 
understood. An exact knowledge of the type of bactenal protemases should 
be of interert not only from the theoretical point of view but also in its appli* 
cation to the study of attack and degradation of animal and plant tissues, 
the study of proteolytic phenomenon in soil, the investigations on storage 
and detenoration of foo^tuffs and the mvestigations on some mdustnal 
processes. While most workers are agre<d that tactenal protemases cannot 
be dastffied with the pepsmases, opinion is divided as to whether these pro* 
teinases ate of papainase type or tryptase type 

Demby and Blanc (1921) had found that culture filtrates of several 
anmrobes bacteria digest gelatin optimally at pH 6 from which they concluded 
that die proteinase is of a tryptic nature. Kendall and Keith (1926) and 
Schierge (1925) working with Bacillus proftus and B. coll respectively have 
also concluded that their protemases are of tryptic nature, the optimum 
hydrogen4on concentration m the latter case was stated to be at pH 5-0 to 
5 '6. These conclusions must be revised because tryptases optimally hydrolyse 
markedly cationic form of protein Walbum and Rcymann ( 1 934) and Bessey 
and King (1934) have obtained confiictmg results with Clostridium histofyti- 
am. In several papers Maschmann (1937, 1938) has published his results 
with Bacillus pyocyaneus, B prodiglosus, B. fluorescence, B perfrlgens, 
B. histolyUcum and B botulinus. Ma iy of these mtcro-orgamsnts produce a 
proteinase whose optimum pH is 7 and is activated m some cases bf hydro* 
cyamc acid and by thiol compounds. WjU and Kocholaty (1937) and 
Koeboiaty, Weil and Smith (1938) have studied Clostridium hUtolyticum and 
by measuring proteolytic activity by estitnaung the liberation of free a*amiao 
adds they have found that Cl histolyttcum produces a protemase which is 
active optimally at pH 7, is activated by thiol conqiounds and is inert towards 
enteroldMSe. 
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The imcroorganisms studied by the present author vttre the typical 
thermophilic bacteria Bacillus thermophilus, B arothermofhlba and B. thermo- 
acidurms. 'Cultures of these w^re obtained from the Lister Institute, London, 
The tbcrraopbihc bacteria can grow at hi^ temperatures, often close to 
the coagulation temperature of their albumins. This renders them an 
intriguing subject for study. These bacteria are widely distributed m soil* 
etc., and their proteolytic activities arc called into play in several processes 
of importance m soil science, in agriculture and in industry. Oark and 
Tanner (1937) and McMaster (1934-5) have shown the importance of thermo- 
philes in food preservation. A commonly occurring spoilage of soya beans 
has been ascribed to the proteolytic action of B, thermophilus by Rokusho 
and Fukutome (1937) Tbcrmophihc baclena arc active agents in manure 
fermentation, sec for example, Dunez (1933) and Damon and Feircr (1925). 
Proteolytic thcrmogenesis of wool has been studied by Barker (1929) and 
according to James (1928) nitrogen metabolism and thcrmogenesis are inter- 
related The harmful beating up of bay, fodder, textile matenals and 
thermophilic fermentation in the processing of tobacco, cocoa and coffee 
are well known and thermophilic tectena undoubtedly play a part in these. 

All earlier investigations on the nature of microbial protcinases arc 
based on the determination of pH optima s and response towards papainase 
and tryptasc activators and inhibitors. In the present investigations, in addi- 
tion to studying these aspects, an attempt has been made, by duplicate 
enzyme exp.'nments, to determine whether or not the peptide bonds, in the 
protein molecule, hydrolysed by the bacterial proteinascs are identical to 
those hydrolysed by either pepsin, papain or trypsin or vice versa. 

The experimental technique adopted was quite simple. The bacteria 
were grown in nutrient broth by incubation at 50® C for forty-eight hours. 
The cultures were centrifuged and filtered through Chamberland candles. 
This yielded ccll-free proteolytically powerful filt^ratcs free from peptonase 
or polypeptidase. Substrates used were gelatin, egg albumin and casein 
made into aqueous solution at the appropriate pM with Mcllvaine’s atrate* 
phosphate buffer. Proteolytic hydrolysis was allowed to procerd at 40* C. 
m presence of a drop of toluene. 2 ml of the proteinase filtrate were used 
per 20 ml. of substrate solution. In case of gelatin the initial stages of 
proteolysis were followed visoometrically. With egg albuhun the initial 
stage of proteolysis was followed by precipitating the unaltered protein by 
boiling at the isoelectric point or by prccipitatmg the unaltered protein, 
meta-proieins and albumoses in 4% trichloracetic acid followed by estima- 
tion of the fraction which was soluble under these conditions. 
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In all cases the increase in free a-ammo groups, during mcuhalfon at 
40® C for forty-eight hours, was estimated by the micro Van Slyke method 
or by the titration method. 

pH Optimum of Protbinases of TuERMOPHitic Bacteria 

2 ml of proteinase solution were added to 20 ml of 3% gelatin solution 
at pH ranging from 3 to 10 Initial rale of hydrolysis was calculated by 
extrapolating viscosity time curves to zero tune and also per cent, fall in 
initial viscosity in 30 minutes was determined Finally the increase in 
a-anuno acids during incubation at 40® C for 48 hours was estimated by 
Van S yke's method In case of egg albumin 2 ml of the proteinase solution 
were added to 20ml. of the protein solution containing 1-3 to l'4mgm. 
of organic nitrogen per ml The nitrogenous matter not precipitated by 
boiling at isoelectric point or m 4% trichloracetic and the amount of free 
a-anuno nitrogen were estimated before and after incubation. In case of 
casern also proteolysis was followed by estimation of free a-ammo acids. 
In all cases pH curves were plotted from which the values for optimum pH 
were derived. These were as follows:— 

Table I 

Gelatm Kgg albumin Cus«m 

8»3 8 0 7 7 

7 7 8 0 7'S 

8 1 8 0 7 6 

Thus all these prolemases are op imally active in the alkaline region, 
i e , they hydrolyse the cationic form of proteins In this rerpect iherefore 
they resemble the tryptascs rather than the papainases or ths pepsmases. 

Effect of Papainase Activators on the Protbinases of 
Thermophilic Bacteria 

The substrate used was 3% gelatin solution prepared at the respective 
pH m Mcllvame’s citrate-phosph*tc buffer The erzyme solution was 
incubated with the tctivating reagent et 30° C. half an hour before mixing 
with flte substrate. In case of hydrogen cyanide or hydrogen sulphide the 
gas was bubbled through the cold enzyme solution for a few minutes and 
the solution was then incubated in a stoppered test-tube at 30° for half an 
hour. 


Frotemaae of 

8 therm^philus 
B aff^ihirnwpkilus 
B thermoacidurans 
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Tublb n 


Reagant 

% Pall in initial 
Concentration vlaco<iity in first 
6 minutes 

% Pall in inlttai 
viscosity in 

30 minutes 

lacraasa l« 

«-amino nttrogea 
mgm./10 

Kone . , 

B thtrm«pktlus 

6 T2 ! 

48*05 

5*86 

Hydrogen intphlde 

e 01 

42*10 

6*27 

Hydrogen cyanide 

6*06 

42 60 

6*20 

Cystein 

M/260 6 68 

46-80 

6*20 

None 

B aerat htrmopktluf 

I 6-08 1 

41-06 

1 6*27 

Hydrogen sulphide 

6 00 1 

40 00 

5*81 

Hydrc^en cyanide ..i 

6 06 1 

40 66 

6*60 

Cysiein 

M/S60 6 00 1 

41*00 

1 6*20 

None 

B tktrm^tdumHt 
6*36 

45*00 

6*01 

Hydrogen sulphide 

6-00 

42 66 

6*82 

Hydri^en cyanide 

6 27 

44*00 

6*45 

Cystem 

M/260 6*32 

1 

46 36 

6*67 


It IS the'cfore obvious that the typical papain activators do not activate the 
proteinases of thermophilic bacteria In fact there is a very sU^t inhibition 
in some cases 


Effect of Papainase Inhibitors on the Proteinases op 
Thbrmophiuc Bactema 

The experimental and analytical methods used were the same as in the 
previous ei^nment. 

TABtB m 


Reagent 

Concentration 

[ % Fall In Initial 
viscosity in first 

1 5 minutes 

% Fail in initiaf 
viscosity in 1 
80 minutes ' 

increase in 
•-amino nitrogen 
iQgm./10 nd. 

N/me 

8, thtrmafMHi 

f 1 e-ss , 

1 46 70 

1 6*68 

lodac«ttc acid 

M/260 

6 18 

47*90 

i 6*78 

Hydrarine 

M/f 0 

6 86 

46*06 

0*79 

Copper sulphate 

M/290 

6*20 

1 47 00 

6*86 


;fon« 

lodMetic add 
Hydraxtne 
C^p«r ittlphata 


B UirttAermcpMut 


6*20 

«*66 

M/200 6*15 

41 86 

M/200 6.22 

41-80 

M/20O 6*16 

41*00 

tMftmmeidnnmt 







5*|» 


Noa* 

lodacaUc acid 
I^rdratitt* 
Cappar aalpbat* 


e-3d 
e 3d 

d«so 


s.it 

46 10 6*a0 

46^00 0'«ir 

46*30 6*00 


H/36a 

M/W 

M/200 
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OMooriy tfwvfore tfae typical papAinase inhibitors have no significant 
aflbet aa die proteinases of thermophilic bacteria. 

Eitbot op Entbrokinass on thb Proteinases of Thermophilic 

Bacteria 

finterokinase was prepared freshly from swme duodenum and was freed 
from trypsin by fractional precipitation with ammonium sulphate Its acti* 
vity was cfaeck^ against crude pancreatic extracts. Tl e preparation showed 
negligible proteolytic activity by itself when tested against gelatm. For 
examining its effect on microbial proteinases the powder was mixed with 
the proteinase solution and the mixture was meubated at 30° C. for one hour 
with occasional shaking. 

Table IV 



Without entfiroktnAie 

With entetokinace 

of 

% 7*n In 
initial vUco 
sUy m first 
ft minutOi 

% Fall in 
iniUal visco 
city in 

30 mmutfii 

1 Increase In 

1 n-Attiino 

' nitrogen 
:mfm./10 ml 

% Fall m 1 
initial visco 
hity tn first 

6 minutes 

% Fall m 
initial vIbco 
sity In 

30 minutes 

Increase Jn 
a~amiDO 
nitropen 
mgra /lO ml. 


0 S3 

47*60 

4*11 

6 S4 

47*08 

1 j 

6*07 

(tprothtrmo* 

pkilB* 

««44 

45*98 

6 86 

6*40 

46 15 

r 

6 69 

1 

A tkirnme^ 

4urBttt 

tm 

43-16 

ft'31 

0*00 

43 00 

i 

5*88 


Hie above data shows that enterokmase, the specific activator of the 
tryptases, has no effect on the proteinases of thermophilic bactena. 


Effect of Pepsin. Papain and Trypsw on Gelatin Solutions 
Previously Hydrolysed by thb Proieinasbs op Thermo- 
PHtUC Bacteru 

Moat proteinases do not open up aU the peptids bonds in the protein 
molecule. For example papam can open up more peptide bonds after a 
gelatm soluuon has been digested to completion with an excess of trypsin 
or pqism and vko-veraa The same is the case when trypsin is allowed to 
act on a gelatin solution previously hydrolysed to completion by an excess 
of pepsin and vke-vma. In the present expenment 200 ml. each of 3% 
fslatiB solution were incubated with 40 ml. each of highly powerful solutiom 
of dw protoMaseseff Bacillus t/urmpkihts. B. acroOtermoj^ibu and B. tkemuh 
a tb ki rm reveedvaty for several days at optumaa pH till there was no 
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further increase in free a-amino acids. Each solution Mas then divided into 
four portions and the pH of diree of these four portions ws re-adljustcd to 
the respective optimum pH of pepsin, papain and trypsin. With the fourth 
portions the pH was restored to the original starting pH as there had been 
a slight fall in pH during the prolonged proteolysis. The four lots of 50 ml, 
each comprising each of the three sets were then subjected to the action 
of pepsin, papain, trypsin and fresh culture filtrate of the same bacteria 
respectively. Incubation was earned out at 40*^ C for 36 hours in presence 
of toluene. 

Tablb V 

Increase in free a’^amino nitrogen, mgm JIO mi 


First protemwe 

Second proteinase 

Blank f distil- 
led water) 

Same as first 

Pepsin 

Papain 

Trypaln 

B Ihtrmophilus . , 

m 

0.« 

I'SS 

3*96 

2*05 

B atfoihermophilus . 

tt 

o-n 

1-02 

4 01 

2*se 

B thfimoatidurant , 



1*40 

S-13 

2*00 

Pepsin 

I. 1 


0 Ofi 

4 02 

3*39 

Papain 


o-os 

1 S2 

0*00 

3*22 

Trypsin 

♦* 

0*10 

1'30 

3*00 

0*10 


It IS therefore obvious that gelatin contains some peptide bords which 
cannot be opened by the microbial proteinascs but which arc available for 
attack by pepsin, papam ard by trypsin. From this it wou^d appear that 
the type spcctfictty and mode of attack of the proteinascs of the thermo- 
philic bacteria is d fferent from that of either pepsin, papain or trypsin, just 
as the type specificity and mode of attack of pepsin^ papam and trypsin is 
dificrent from that of each other. 

It was now decided to investigate if either one or more of the three 
typical proteinases pepsin, papam and trypsin can hydrolyse all those 
peptide groups which are hydroiysable by the proteinases of the thermophilic 
bacteria. 


Effect of PRoimNASES of Thbrmophiuc Bactrru on 
Peptic. Papain and Tryptic Digests of Oelatin 

The experimental methods were the same as in the previous experiment 
except that the positions of bacterial proteinases on the one hand and those 
of pepsin, papam and trypsin on the other Wtte reversed. In order to 
remove any possibility of doubt the first scries of hydrolysis was conducted 
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vn0x papain activated with hydrogen cyanide and with trypsin activated with 
entcrokinase. 

Tablb VT 

Increase m a^amtno nitrogen, mgm /lO ml 



Second proteinase 

First proteinase 

Blank (dutil 
led water) 

Same as 
first 

j philUs 

\B a(r0th€rm0‘ 
pktlm 

B thermo- 
aLtduram 

Pepiin 

Nil 

0*12 

\ 6 12 

4 44 

4-72 

Papwn-HCN 

1 

tt 

0 04 

3 60 

i 

2 05 

2 35 

Trypsin enterokinase , . 

j 

0 06 

3 45 

3 67 

1 

2 05 


Therefore the bciCtcrial proteuia^cb ca\i hydrolyse cot lam pcptioe groups 
that can be hydrolysed r either by pepsin nor by papam or trypsin. From 
Table VI U appears that the increase m o-amino nitrogen m the second 
hydrolysis is greater with all three baclerul proteinases if the first hydrolysis 
IS carried out with pepsin. This accords with the fact that pepsin is mainly 
a disaggregating erzyme 

Discussion and Summary 

The nature and type of bacterial proteinases has been the subject of a 
certain amount of discussion in the past and conflicting opinions have been 
expressed as to whether these proteinases arc peptic* papainase or tryptic in 
nature. Previous investigators have studied the degree and optimum pH 
of hydrolysis and activation-inhibition behaviour of the bacterial proteinases 
and have attempted to classify them with pepsin? ses, papainases or tryptases. 
The results of studies of this type afford an msigbt into the nature and pro- 
perties of the protemases In the present mvcstigations a study has been 
made of the optimum pH and activation-inhibition properties of the bacterial 
proteinases and in addition attempts have been made to investigate if the 
bacterial proteinases attack peptide bonds which are identical with or entirely 
or partially different from those hydrolysed by pepsin, papain and trypsin or 
vice-versa- All the three bacterial proteinases studied here hydrolyse gelatin, 
Cusem and egg albumin optunally m the alkaline region, i e , like the tryptases 
they hydrolyse the cationic form of proteins. They are not activated by 
papain activators and are not inhibited by papain inhibitors. Likewise 
tihey do not respond to trypsm activators Gelatui solutions which have 
already been subjected to prolonged hydrolysis by pepsin, papain or trypsin 
and vAich cannot be further hydrolysed by these three proteinases are further 
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hydrofysed the bacteria! proteinaeec. Coov^rsdly gelatta eoititioee v^cudx 
have already been hydrolysed to completion by the bacterial proteisasas 
can be further hydrolysed by pepsin, papain or trypsin. This shows that 
the peptide bonds openeJ up 1^ the bacterial proteinases are at least par- 
tially different from those hydrolysed by either pepsin, papain or by trypsin. 
From these results it obvious that out of the three main categories of pro- 
teinases, i a , the pepsinases, papainases and tryptases the evidence in favour 
of the bacterial proteinases studied here belonging to the tryptic class of 
protcmascs is relatively the strongest. But there are also points of difference 
between the bacterial proteinases and tryptases. The former do not respond 
to trypsin activators This may be due either to the fact that the bacterial 
proteinases are not of tryptic nature or else that when they arc obtained in 
the culture filtrates they are already in the fully active state. The results 
of duplicate enzyme experiments have shown that the bacterial proteinases 
hydrolyse peptide bonds which are at least partially different from those 
hydrolysed by trypsm and vice-versa. On the whole it would appear to be 
more satisfactory to avoid classifying microbial proteinases with any of the 
three mam groups of proteinases but rather to leave them in a class by 
themselves, 
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POWDERY MILDEW OF BETEL VINES 
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Op recent years powdery mildew has been doing much damage to betel vines 
grown at Bassein and Kelva Mahim, near Bombay, but it has not been reported 
from other parts of the Province where this crop is aho extensively tultivatcd. 
It makes its appearance m the cold season and almost disappears as the hot 
weather approaches. Older plantations are more liable to attack than ncisiy 
established gardens 

The disease is caused by a species of Otdtuin, which was first reported 
from Ceylon by Stevenson (1926), and later by Mitra (1930) from Burma 
and by Narasimhan (1933) from Mysore The causative fungus, however, 
has not been described, and in the following pages a short account of the 
organism and the disease caused by it, is given. 

Symptoms 

The disease is easily recognised by the appearance ol yellow spots which 
are slightly raised and irregular m outline and correspond in extent to white 
iwwdery patches of mildew on the under-surfacc of the leaves These 
patj^es are also sometimes found on the upper surface of the Jeaves They 
arc m ftrsf but increase in extent as they grow together They vary 
in diameter from a few mm. to 40 mm , and arc covered wnh sparse and 
dusty growth of the fungus In severe attacks, (he patches are covered with 
fairly thick growth, and are then greyish in appearance Young leaves, 
if severely attacked, cease to grow and are often deformed The surface 
of diseas^ leaves is cracked, and iheir margins are turned in. Such leaves 
are patehnd hard looking, and drop down at the slightest touch. No other 
part of the vine is attacked 

Morphology of the Fungus 

The vegetative mycelium of Ihe fungus is superficial and consists of 
delicate, white, septate hyph», frequently branched and more or less densely 
interwoven The hypha arc 5 to 8*2p wide, and from their under-surfacc 
arise slender tubes which at once pierce the cuticle and, after entry into the 
intertor of the epidermal cells, swell into globular sacs, the haustona (Fig 1 , A). 

»* 255 
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Appressor^p also develop from the hyph» at points where the latter are 
closely applied to the surface of the leaf, and function as holdfasts (Fig. 1« E). 




Fig t. A Tnuuverae section of an mfedect leaf showfite a Slo^ar hsustodtim. 
B, ConidtopKorea bcanog elliptical conklia m duias. C. Conidia the rgnae aC 

shapes and sixes. P. Oerminating conidia. E Appreseona on the uiider*surfhce of Mtper* 
Acial hyphtt (A-E x 280) F. Portion of a leaf showing septate myodiutn, fMmhkg a 
tangled wd» of much branched hyplue ; conidiophores and conidia ( x 5&>. 

After the Aingus is well established on the leaf, the prostrate, superficsal 
mycelium gives rise to conidiophores which are erect, simple and usually 
2-3 septate (Fig. 1, B and F). These measure 6S to 132^ long, and bear 
on their ends conidia in chains of 3 to 10 in basipetal succession (Fig. 1 , B 
and F). The conidia are uniceltutar, colourless and elhptkal or batt^ 
shaped, and measure 20*4-74^7 x 6 8-23 - 8^1 (Fig. 1 , C). It wUl be seen 
from Table I that, although widely differing lengths of cootdia are en- 
countered, a vast majority of them fall between 34 and 47*5^* Tho rnftge 
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of variation in width, however, is not large as about 80 per cent, of coifidia 
fall in the classes between 13*7 and 20*4^. 


Table I 

Summarised measurements of comdia of Oidiiim on P)pdr betel 


CtMtics in n 

Length 
Number of 
t-onldU m 400 

i 

Classes in ^ 

width 

Number of 
conldie In 400 

90 to 96'l» 

1 

31 

S S to 10*9 

1 

1 

27 to 33*0 

68 

10 3 to 13*6 

00 

34 to 40 0 

134 

n*7 lo IT 0 

168 

41 to 47 9 

147 

17*1 to a>*4 

167 

48 to 04 9 

14 



SO to 01 0 

11 



S3 to 6S*9 

4 



09 to T0>9 

I 




Comdia arc produced in large numbers and freely germinate by protru- 
sion of a germ tube (Fig. U D). These are short-lived and lose their power 
of germination if exposed to hot, dry conditions In the cold season* the 
climatic conditions are very favourable so that comdia are shed m abundance 
and are freely disseminated to adjacent healthy plants Under such cendi** 
tions, powdery mildew spreads rapidly and is very destructive. At the 
approach of the hot weather, the growth of the fungns u arrested, and the 
mildew practically ceases to exist. 

Control 

As an cctophyte, powdery mildew of the betel vine is amenable to treat- 
ment with finely powdered suIjAur, Beginning with 1934-35 season, 
extensive trials on control of mildew were earned out for four years at 
B^ssein and KeWa Mahim in Thana district Superfine su^hur of order 
of 325 mesh fineness was used in these tests and was applied to the vuies 
with a crank duster. Results of these trials show that the number of duat 
applications and the total dressing per acre vary with the age of the planta- 
tion. In newly established gardens about 3 to 6 months old, a single dusting 
of sulphur at the rate of 25 to 30 lb per acre given about the middle of 
December gave complete protection from mildew. In older plantations 
varying in age from 12 to 24 months, however, two applications of dust were 
necessary to control the disease, and the best results were obtained when 
the second application was made about three weeks after the first, te., 
early in the second week of January. The quantity of »yiphur dust required 
to cover an acre of the crop m two operations varied from 70 to 85 Ib, 
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The dusted leaves arc quite normal and do not suffer from any 
effects* In the absence of the treatment, however, it often becomes necessary 
to pluck the leaves from the vines before they arc fully mature as otherwise 
they arc disfigured by spots and fall to the ground if infection is severe, 
Svilphur dusting thus not only affords complete protection from the disease 
but has the effect of prolonging the life of the leaves which can be harvested 
to suit the market requirements* 


Diagnosis 

Ihc perithccial phase of the fungus has not been encountered^ and 
accordingly, it is proposed to establish it as a species of Oidkm with the 
diagnosis as follows;— 

Oidiitm piperis, spec nov —Mycelium superficiale, ramosum, hyahnum. 
sepiatum, diam , efformans sparsum vet crassum integumentum in 

mferiore facie fohorum; haustoria globosa. Conidiophori erecii, simplices, 
ut plunmum bis vel ter septati, longitudinc 66-132 M Conidta unketiularia, 
hyalina, cPiptica vel doUaria, 20’4-74'7 x6‘8-23*8ft, saepissime 34^47*5 
X I3’7-20'4/i, catenulatim disposita 3-10, gcrminatia tubt. producto 

In folds viventibus Pipens betle L. in loco Bassein, in distr. Thana, 
Bombay, India. 

Typus positus m Herb. CoUeg, Agricult , Poona, atque m Herb. Mycol. 
Instit., Kew, in Angha. 

Mycelium superficial, branched, hyaline, septate. 5 to 8*2 in diameter, 
forming sparse or thick coating on under-surface of leaves, haustoria 
globular. Conidiophores erect, simple, usually 2-3 septate, ranging from 
66 to 132r^ m length Conidia unicellular, hyaline, elliptical or barrel* 
shaped, extremes ranging from 20*4 to 74*7ii in length and 6*8 to 23*8|i 
in width, mostly 34 to 47*5 x 13*7 to 20*4/4, borne in chains of 3 to 10, 
germinating by a tube. 

On luing leaves of Piper hette L. at Bassein in Thana District, Bombay, 
India. 

Type specimen deposited in Herb. College of Agriculture, Poona, and 
Herb* Mycol. Inst., Kev/, England. 

Summary 

The fungus causing powdery mildew of betel vines is described as a 
new species of OkUum. The symptoms of the disease, which is localised at 
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Bassein and Kelva Mahim in Thana District of Bombay Province, are de» 
acribed. Powdery mildew can be easily checked by dusting betel vines with 
finely powdered sulphur. 

The writers arc grateful to the Rev H Sjntapau, s I . of St. Xavier’s 
Collefe, Bombay, for rendering the description of the fungus into Latin, 
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(CommunicAted by Rao Babadur Sri V Ramnnaiha Ayyar. r a sc ) 

Introductory 

Tub cotton Jasstd {JEn^ocaca devastans Dist.) is active throughout the year. 
During the oS'*season of cotton it thrives on various other host-plants. 
Bven during the cotton-growing period it is found on many food plants other 
than cotton and there are some which are preferred to it. A thorough 
knowledge of alternate host-plants of a pest is very essential as this informa- 
tion it very usefhl in devising measures for its control. 

Bhatia (1932) has mentioned the following host-plants of E. devastans 
in the Punjab:— 

*Bhindi’ (Hibism esculentia), hollyhock [Althea rosea), potatoes 
(Solanm tuberosum), brinjal (/Solanum mehngena), castor {Rlcima communis), 
artichoke [Cynara scolynm). He recorded some specimens of adults from 
‘ sem ’ (DoUchos Idbktb) and ‘ kalitori ' [Luffa agyptioca) but the pest did 
not breed on these. 

Gherian and Kylasam (1938) in addition to the abovementioned plants 
have recorded sunflower [Hellanthus annus) as an alternate host plant in 
Madras, though Husain and Lai (1940) have expressed their doubts regard- 
ing it. 

Rajani (1940) reported ‘bhindi’, bnnjat, potato, ‘falsa* [Grewta 
asiatica), hollyhock and ‘ kanghi buti ’ (AbuHhn indicum) from Sind. 

Husain and Lai (1940) have finally listed following plants as alternate 
hosts in the Punjab:— Hollyhock, castor, brmjal, potato, ‘bhindi’, ‘ban 
khpas* (Hibiscus vitffoHus), ‘sunkukra’ (Hibiscus catmabinui) and some 
cucurbits. 

Afxal (1940) has mentioned ‘bhindi*, potato, brinjd and holl^ock as 
food-plants during non-cotton period. Both nyroi^s and adults were met 
with on these plants. It was shown experimentally by breeding the pest 
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that CMtor is aot its host plant. The jassid met with on castor belongs to 
some other species. 

It is very unfortunate that even upto now a fully authenticated list of 
the alternate host plants of this important insect pest is not known. Some 
work has been earned out m this direction and evidently much more remains 
to be done. 

Cotton Jassid is a small and very active insect and probably wind plays 
a great part in its dispersal and the adults can be collected from a majority 
of the green plants. Consequently mere presence of adults on a plant is 
not at all a sure indication of its being a host plant 

This has led to lot of confusion and a clear-cut definition of host plant 
IS necessary It is therefore proposed that a plant may be called a host plant, 
only if the pest can actually feed and breed on it. In the present studies, 
therefore, the breeding of the pest on different plants, suspected to be its 
hosts, was studied 

Method of Study 

In order to find out the range of host plants of cotton jassid, its ovi» 
position and nymphal development was studied on the following 16 plants* — 

*Kadu* (Lagenarta vuigaris), ‘kalitori* {IJiffd (tgypUaca), ‘tinda* 
(C/rndKif virfgoris), *halwa kadu’ {Cucurbita maxima), tomato {Solamim 
lycoptrsicum), ‘kareja’ (Momordica charantia), ’guara’ (Cyamopsis 
pwaUoides), grape vine (Vttis vinifera), * falsa * (Grewia astaUca), hollyhock 
(Althea rosea), sdnnia (Zinnia sp ), sunfiower (Helianthus annus), * gul dhatuta* 
(Datura fastuosa), * bhindi ’ (Hibiscus esculentus), * gurhal ^ (Hibiscus rosasi* 
nensis), changeable rose ( Hibiscus mutabiits), Hibiscus itliaceus, and *ban 
l^pas ' (WW^citf vitifoHus), 

(a) Oviposit0n on different plant study the comparative oviposi* 
tion, leaves of these plants were enclosed in voit cloth sleeves about a week 
before the actual liberation of adults, to avoid promiscuous oviposition. 
At the time of liberation of adults (he leaves were thoroughly examined and 
all the nymphs present on these were killed and removed. Some 25 adults 
collected from bhindi fields were introduced m each sleeve ard 3 such 
sleeves were put up on each plant at each observation. Tte experiment 
was repeated once a week during the months of June and July, 1943, Ovi* 
position was studied indirectly by counting the number of nymphs that 
hatched out on each plant. During the course of these observation^ pvi« 
position by some 350 or more adults was studied on each plant* 
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{b) Nvmphal development . — ^Thes6 studies were carried out sMe by aide 
With the oviposition studies and the method followed was also the same. 
In this casd 20 first mstar nymphs collected from * bhindt ' were liberated in 
each sleeve and the adults formed from these recorded. In all. the develop- 
ment of about 300 nymphs were studied on each plant. 

Discussion of Data 

The average number of eggs laid by 25 adults and the average number 
of iiduUs formed from 20 nymphs arc given m Table J. 

Table 1 

Ovipostthn and nvmphal development on different plants 


No Name of 


* Kadb ' ( tai^tnana vulgant) 

‘ iUlitori ' (Luffiik fteyenaca) 

‘ Tinda * (CtUutlHs vtt/gaHs) 

* Halva kadu ' (Cmitrbtttt maxima) 
Tomato (Soianum lycoptrntum) 

‘ Karela* (Mommina tkarunita) 

‘ Guara ' ( Cyamopstt fioraltHdes) 
Grape vine fytiu vmifirra) 

’ Paisa ( Gmaa amtua) 

10 Hollyhock (AUhea toita) 

U Zinnia ^ Z%Hma 8p.V 

18 Sandower (f/eiiamMus annus) 

18 ‘ Ottl dhalura * (Datura fa»tuiua) 

14 ' Bhindi ’ (Hxhscus osmlentUK) 

16 ' Ourhal * (//tdfseus fasastu^Ufts) 

10 ( hangeable rose ( Hihsens muiabihi:) 

17 Ifibtsfus tihaccHs 

IR ' Han kapaa ’ ( H%tni^u$ Vihfahus) 



No, of ititgft 
laid by 

25 adultM 

No, of adbita 
famed from 

20 nytapha 


0&6 

0*00 


8 57 

0*00 


0*06 

0*00 

,, 

i-as 

0*00 


2>a6 

000 

, 

0*80 

0*00 

,, 

0 60 

0*07 

, , 

ooo 

0*08 

,, 

0-00 

0*60 

, 

4*88 

4*75 


0*00 

0*00 

, 

1 47 

1-8T 


0*26 

0*76 

,, 

86*67 

17*00 


2*05 

0*00 


4*67 

1*07 


1*00 

MS 

•• 

0*00 

0*00 


Ti»c observations given m Table I are very interesting and show that 
With regard to oviposition and nymphal development, these plants can be 
divided into the following four categories:— 

(a) Those on which neither oviposition nor feeding could take place, 
such as * tinda grape-vine, zinnia and ‘ bai kapas 

(h) Those on which the adults could not oviposit but the nymphs could 
feed such as ‘ falsa " 

(c) Those on which the oviposition could take place but the insect could 
not feed, such as 'kadu\ 'kaliton*, ‘halwa kadu^ tomato^ *karda*f 
^ guara ' and *gurhal*, 
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(d) Those on which both feeding and oviposition could take place, 
such as * bbindt hollyhock, sunflower, Hibiscus iiUaoeus, changeable rose 
.and ' gut dhatura * 

It IS thus clear from the aforesaid that plants belonging to the first three 
categories could obviously not be considered alternate hosts of E, dsvastom 
while the plants enumerate in the fourth category were the only ones, amongst 
these 18 under trial, that arc really the alternative food plants of this^jpest. 

Q>NCLI'SI0NS 

The list of alternate host plants of E. devasiam given by Husain and I-al 
can now be revised m the light of present knowledge and is given below m 
order of the importance of the plant: — 

1 Hibiscus emdeutm (Bhindi) 

2 Althea rosea (Hollyhock) 

1 Solanum mehngena (Brinjal) 

4 Solanwn tuberosum (Potato) 

5 Hibiscus mutahilh (Changeable rose) 

6 Hihiscus ntiaceus 

7 Hcliantkus amws (Sunflower) 

8 Datura fastuosa (Gul dhatura) 
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The oxidation of ascorbic acid and its retardation by various substances 
have been studied by several workers Noteworthy examples of substances 
which are found to inhibit the oxidation of ascorbic acid are glutathione ard 
cy^^clne (De Caro and Giani, 1934; Bersin efn/,1935; Barron Wo/,, 1936; 
Ghosh and Rakshit, 1936; Hopkins and Morgan, 1936); metaphosphone rcid 
(Fujila and Iwatake, 1935, Levy, 1936; Hinsberg. 1937; Musulin and 
King, 1936), Pyrophosphate (Gin, 1937; Giri and Doctor, 1938; Krishna- 
murthy and Giri, 1941 a, Lugg, 1942); tannm from Indian Gooseberry 
(Phyllanthm mbiica) (Damodaran and Nair, 1936); and oxalic acid 
(Krishnamurthy and Gtn, 1941 c; Seshagin Rao and Oiri, 1942; Pontmg, 
1943) The importance of the discovery of such inhibitors of vitamin C 
oxidation lies in their application to the determination of vitamin C content 
of foodstuffs in order to prevent the oxidation of the vitamin during extrac- 
tion, the preparation of stable aqueous solutions of the vitamin and in the 
study of the nature of catalytic systems present m plant and animal tissues 
which oxidise the vitamin 

Among the inhibitors of vitamin C oxidation meta phosphoric acid has 
been widely used by various workers for extraction of the vitamin from plant 
and animal materials. Pyrophosphate winch was found to stabilise the 
vitamin (Gin, 1937) has also been used by several workers for extraction 
and stabilisation of the vitamin (Mitra, et n/., 1940, Lugg, 1942; Klodt 
and Sicib, 1938; Stemman and Dawson, 1942) 

Some of the inhibitors of vitamin C oxidation which exert tlieir effect 
on cupric ion oxidation without exerting any influence on the en2yfflic 
oxidation may be useful in eliminating the catalytic effect of copper while 
studying the enzymic oxidation of the vitamin Thus Krishnamurthy and 
Gin (1941 a) showed that pyrophosphate has no influence on the enzymic 
oxidation of vitamin C while it retards considerably the cupric ion oxida* 
tion of the vitamin Tnis property of pyrophosphate was made use of in 
investigations on the mecltanism of the ascorbic acid-ascoibic acid oxidise 

2<)4 
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reliction by Steinman and Dawson (1942) Furthermore, Gin and Seshagiri 
Rao (1942) m a preliminary note have reported that some of the purine 
derivatives such as xanthine, uric acid, guanine, theophylline have the 
specific property of inhibiting only the cupric ion oxidation without exerting 
any influence on the eniymic oxidation of the vitamin Recently Snow and 
Zilva (1942) have utilised the properly of these inhibitors in ihei'r studies 
on the nature of the catalytic system in tea infusions which catalyse the 
aerobic oxidation of ascorbic acid. 

The foregoing findings together with the observation that the enzyme 
ascorbic acid oxidase is a copper protein compound (Slotz ei al , 1937) 
suggested that a comparative study of the influence of inhibitors on copper 
oxidation and enzymic oxidation of the vitamin might be advisable In 
a previous note (Giri and Knshnamurthy, 1941; Knshnamurthy and Giii, 
Ji94l c) It was shown that certain purine dcuvativcs inhibit the oxidation of 
ascorbic acid by Cu and ihese results on the stabilising action of purines 
have been confirmed recently by other vvoikcrs (</, Bcrgcl, 1944) The present 
paper deals with a more detailed study of these and othei inhibitors of 
vitamin C oxidation. 

Experimental 

The oxidation of vitamin C was followed both by manometnc and 
tltrjmetnc methods. The manometnc method consisted in measuring ihe 
oxygen uptake from solution of vitamin C shaken in air in Warburg mano- 
meters. The buffer and the catalyst Cu together with the substance whose 
influence on the oxidation is to be examined were placed in ihe mam chamber 
of the vessel, vitamin C solution being kept in the side arm and dropped 
into the main vessel when temperature equilibrium was reached The 
readings were taken at definite intervals of time 

The water used for the preparation of buffers and otlicr solutions was 
twice distilled in a pyrex distillation apparatus 

The vitamin used in the present investigation was B. D H ascorbic 
acid. All the substances used were of the highest grade of purity, either 
Merck's or Kahlbaum’s pure products 

The pH of all solutions used in testing their influence on the oxidation 
of the vitamin was always adjusted to the pH of the experimental solution 
(pH 7 •2). Some of the punne derivatives which are difficultly soluble in 
water are dissolved first in minimum amount of alkali and diluted to the 
required strength. These solutions when added in such low concentrations 
as wer^ psed in the experiments, were found to have no significant influence 
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on the pH of the solution* All the solutions were always freshly prepared 
for each^ experiment. 

In Tabic 1 arc presented the results obtained manometrically on the 
influence of the compounds under investigation on the oxidation of vitamin 
Cby Cu 

Table I 

Hie influence of purines and other substances on the oxidation of vitamin C 

(By rntmometHc method) 

The expenmePtal cup coatatned 0' 8 c c M/15 photphate buffer (pH 7 Z) ; 0 2 c.c. copper 
aulplate solution containing 0 71 y Cu and I 5 c c. oT buffer containing tha^tubetanoe wboee 
influenoe on the oxidation is to be determined The tide arm contained 2 mg. aecorMc acid 
dissolved m 0* 5 c c of water and the central chamber 'contained 0 2 c c. of 20 per cent. KOH 
and filter paper The vessels >veTe placed in the manometers with the stopcocks open and 
introduced into the bath, which was accurately controlled (i; 0 01 C) at the desired lempe* 
rature 30* C , and the flasks equilibrated for five minutes, llie stopcocks were then closed the 
vitamin C solution dropped into the mam vessel and the readings were taken at deflntte 
intervals of tune 
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The results indicate that the purine derivatives xanthine, adenine, guanine, 
uric actd> theophylline and yeast nucleic add completely inhibit the oxida- 
tion of the vitamin, while theobromone and caffeine have no significant 
influence on the oxidation at pH 7*2 and in the concentrations used in the 
experiments. Creatinine is found to inhibit the oxidation, white creatine is 
without effect on the reaction. Histidine and allantoin also inhibit the oxidation 
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With a view to confirming the results obtained manomctrically the rate 
of oxidation of the vitamin m presence and absence of the substances was 
followed by estimating the vitamin by the usual titration method. For 
purposes of comparison the well-known inhibitors sodium diethyldithio- 
carbamate and 8-hydroxyquinoline were also included. 

The results are presented in Table II. 

The results confirm the observations made by manometric method. 

Tabit II 

7/i(’ influfiuf of imrin t"i and other suhstimtcs on thvoudutmt of 
Vitmtun C 

{Bf titmion mthod) 

The reaction mixtures tonUined 10 cc of phosphate buffer M/15 (pH 7 2), 2cc of 
ascorbic aud solution conUming 5 mg of the vttamm, 3c t of CUSO^ 5H^O solution 
containing 10 7 y Cu and 5 c di water or the solution conuiamg the substance. The systems 
were let m open conical flasks of 100 c c capacity at a tompemtute o 35*' C m a thermostat 
At the beginning of the experiments and thereatier ut short mtervats, 5 c,c itUnuots of the 
teaetton mixture were taken and after audiflcalion with glacical acot'c n€id» the vitamin 
content was determined by titration 
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The results show that all the purme derivatives inhibit the oxidation of 
the vitamin in the absence of added Cu at pH 7*2. It is interesting to note 
from Table III that oxalic acid and S-hydroxyqumohne which protect 
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Table 111 

The influence of purines and other wbstances on the oMdation of 
vitamn C at pH 1 2 in the absence of added Cu 

The reaeikm mixture oontained tOcc.M/15 phosphate bulTer (pH 7 2). 5cc ustorbu: 
add eotutkm coataimag 9 mg of the vtuunm and 5ct. of water or the solution conuioing 
the stlfheUiloe uiKler lovettigstioo The total volume of the reaction mixture was made 
up to 20 C.C The lesulto an presented in Table lU 
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the vitamia at acid pH (Table IV) do not exert any protection against oxida- 
tion of the vitamin at the alkaline pH 7 2. 

The v^uence of the inhibitors of cupric ion oxiJatwn of vitanun C on 
the enzyme oxidation of the vitamin —Tbe observation that the enzyme 
ascorbic acid oxidase is a copper-protcin compound (Stotz et at, 1937) 
suggested that a comparative study of the influence oi ilie inhibitors on Cu 
oxidation and enzynuc oxidation of the vitamin might be useful m throwing 
tight on the nature of the Cu-protein linkage. 

For the enzynuc oxidation the enzyme ascorbic acid oxidase was pre- 
pared from pumpkin (Cucurbita maxima) and snake gourd {Trla>simthus 
ofSfthtd) (Knshnamurdiy and Gin, 1941 b) The enzyme was prepared by 
extracting the finely minced vegetable with 30 per cent, alcohol and 
fijelysing the extract for about 16 hours in collodion bags 

The amount of the enzyme solution used for the experiments was so 
adjusted that the rates of oxioation of the vitamin by the enzyme and Cu 
were practically the same. The results are presented in Table IV. 
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Table IV 

The influence of the inhibitors of Cu-oxidathn of vitamin C 
on the enzvmic oxidation of the vitamin 

rho i«iction mixture consisted of 10 c c M/5 acetate buffisr (pH 5 5 c c. vtUimm 

C solution containing 5 mg V C). Cu $04 5 H^O solution containing 8 02y cu»^+ +(for 
Cu-oxklatioii) or enzyme solution (for enzymic oxidation) and the sofutioa of the 
inhibitor, the total volume being adjusted to 20 c.c Incubation temperature* 35^ ± or C 
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The results show that sodiuni-diethyl-dithiocarbamatc and 8-hydroxy- 
quinolinc nthibit both the Cu and enzymic oxidation of vitamin C, while the 
punne compounds, creatinine and oxalic acid, inhibit only the Cu oiddation 
of the vitamin without any inhibiting action on the enzymic oxidation of 
the vitamin 

The specie inhibiting action of purines and other substances on the Cu 
oxidation of vitamin C in presence of the enzyme ascorbic acid oxidasev-^Thc 
specific properly of some of the inhibitors in inhibiting the Cu oxidation 
of the vitamin without exerting any influence on the enzymic oxidation of 
the vitamin^ may be useful in studying the nature of the catalytic systems 
present in plants which oxidise the vitamin. The inhibitors can be used 
for preventing the action of Cu on the vitamin when investigating the nature 
and action of the enzyme ascorbic acid oxidase on vitamin C. In view of 
the importance of such inhibitors m their application to the study of the 
nature of catalytic systems for the oxidation of the vitamiAt expenments 
were carried out on the influence of the inhibitors on the Cu oxidation of 
the vitamin in presence of the enzyme ascorbic acid oxidase. 
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The results of these experiments are presented m Table V. 

Table V 

The mhihiting action of purines and other compaimds on the 
Cm oxidation of Vitamin C in presence of the enzyme ascorbu acid oxidase 

Tb© raiction mixture consisted of tO c c M/5 acvtatc buffer (pH 5 6), 5 c c viiamm C 
solution, conUirung 5 mg, Jee of the oiJ 2 >mo (from snake gourd), 0 75 cc of CoSO* 
containing 8 2y Cu and 3 25 cc water or iho '>olutioi of the substance whose 
mflubnee on the oxidation of the vitamin is to be investigated Temperature, 35 ± 0 I C 
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The above results clearly indicate that the substances investigated annul 
the inhibition of vitamin C oxidation by Cu in presence of the enzyme as 
ascorbic acid oxidase, the enzymic oxidation being unaffected as before 


Discussion 

From the observations reported it is evident that the oxidation of vitamin 
C by Cu IS completely inhibited by xanthine, adenine, guanmc, uric acid, 
theophylline and yeast nucleic acid, while caffeine and theobromine have 
no influence on the oxidation under the experimental conditions described. 
In order to determine which portion of the punne derivatives is responsible 
for the observed effect, the influence of other compounds having the imma- 
«olc group have been tested and the results of these tests can be summarised 
as follows : 

1. The iminazole component is essscnlial for the inhibiting action of 
the punne derivatives and other iminazolc compounds investigated This 
k supported by the following observations* 

(a) In addition to the punne derivatives, creatinine (2, 3-dihydro* 
2-imino-l-methyl*4- {5)-imidazolone), histidine (i3-imodazolylalanme) and 
^Qantoin, which contain the immazole component, exert inhibiting action 
on the oxidation, although the extent of inhibition is not so great as that 
with the purine derivatives, under similar experimental conditions, 

B9 
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(by Jhe inhibiting action is destroyed by the breakdown of the imina* 
a Me ring structure. Thus creatinine, which contains the imina^olc ring, 
exsrts inhibition, while creatme which is formed from creatinine by breaking 
the ring structure, does not exert similar action on the oxidation of the 
vitamin. 

2 The immo group of the purine derivatives appear to be directly 
concerned with the inhibitory action of these compounds as the replace-^ 
ment of the hydrogen atoms of the immo groups causes loss of the inhi- 
bitory property Thus the purine derivatives, xanthine, adenine, guanine and 
unc acid whose imino groups arc free, exert considerable inhibition, white 
caffeine whose imino groups are completely methylated has no such inhibiting 
action The inliibiting property of the punne compounds tested depends, 
therefore, upon the presence of free immo groups in the molecule 

3 Among the immo groups of the punne derivatives, the ammo group 
7 appears to exert a decisive influence on the oxidation of the vitamin, since 
the replacement of the hydrogen atom of the imino group by methyl group 
causes a complete loss of the inhibitory property, although the other imino 
groups are free Thus while theophylline which contains free 7 immo group 
acts as inhibitor, theobromine with its 7 immo group methylated docs not 
affect the oxidation. The evidence on the whole appears m favour of the 
view that the inhibiting action of the punne derivatives is due to the free 
7-imino group of the purines 

JTte mechanism of inhibitfon — >As to the mechanism of inhibition of 
vitamm C oxidation, it is conceivable that the inhibitor forms a complex 
with copper, thereby preventing the action between the metal and the sub- 
strate as in the case of glutathione (Hopkins and Morgan, 1936). The 
complex thus formed is probably of such a type that transformation of Co^ 
to Ox^K or the reverse is not possible This transformation is necessary 
for the Cu to exert its catalytic effect on the vitamin. Copper combined 
with the substance, which functions as inhibitor, may not retain its catalytic 
properties, as in the ionic state 

The results are of interest m indicating the existence of substances in 
tissues other than glutathione, which exert powerful protection agamst the 
oxidation of vitamin C The fact that punne derivatives, nucleic acids and 
creatinine are widely distributed in the biological kingdom tends biological 
significance to these results and points to the possibility that the deleterious 
effects of Cu which is widely distributed in all living cells together with the 
vitamin, are diminished or completely eliminated by such substances. An 
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attempt is being made to study further the reactions involved, with a view 
to the elucidation of the mechanisms concerned m the retardation of the 
oxidation by the substances investigated. 

Classification of the inhibitors of vitamin C oxidation —We have also 
observed (Table IV) that some of the substances when used in concentrations 
at which they inhibited completely the oxidation of the vitamin by copper, 
are ineffective on the enzymic oxidation of (he vitamin, a point of interest 
indicating the difference between the enzymic and Cu-oxidation. Sodium 
diethyldUhio carbamate and 8-hydroxiquino1in, however, inhibit both the 
enzymic and cupric ion oxidation of the vitamin. The various inhibitors 
of vitamin C oxidation so far known from literature are listed and classified 
in Table VI according to the effects they produce on the enzymic, cupnc 
ion and other types of oxidation of the vitamin. 

The inhibitors may be classified into two mam categories: (1) Inhibitors 
like oxalic acid and purine derivatives which inhibit the oxidation of the 
vitamin by Cu without exerting any influence on the enzymic oxidation and 
(2) Inhibitors like sodium diethyl dithio carbamate and 8-hydroxyqumoIin 
which inhibit both the enzymic and cupnc ion oxidations 

One of the special advantages of the specific property of the inhibitors 
belonging to the first category m preferentially retarding the Cu oxidation 
of the vitamin, is that m their presence the effect of Cu can be eliminated 
while studying the action of other catalytic systems such as the enzyme 
ascorbic acid oxidase on the vitamin Thus pyrophosphate which was 
shown by Knshnamurthy and Gin (1941 a) to inhibit the Cu oxidation of 
ascorbic acid without exerting any influence on the enzymic oxidation has 
been used by Stemman and Dawson (1942) m their studies on ascorbic acid- 
ascorbic acid oxidase reaction m order to prevent the action of Cu m the 
reaction mixture Similarly Seshagin Rao and Gin (1942) have used the 
inhibitors (oxalic acid) for eliminating the influence of Cu in the reaction 
mixture on ascorbic acid m their studies on the influences of ascorbic acid 
on amylase The rapid oxidation of ascorbic acid m certain plant press 
juices and vegetables when exposed to air may be due to the catalytic effect 
of Cu of enzymes. In such cases these inhibitors which preferentially retard 
the Cu oxidation of the vitamin may prove to be very useful tools in the 
study of the nature of the catalytic systems in plants which oxidize vitamin 
C; for any oxidising system containing free ionised copper can be detected 
by the inhibition produced on adding any one of the above inhibitors to 
ti!ie system. 
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The inhtt^tors of the enzymic oxidation of ascoHtic ockL^Sioii et al* 
(1937) examioed the influence of a number of compounds 'v^ich inhibit the 
catalytic oxidation of ascorbic acid by Cu on the enzyme ascorbic acid 
oxidase. They found that sodium diethyldithiocarbamate, 8-hydroxy- 
quinolin, pyridine, potassium thiocyanate^ S(^ium cyanide, potassium ethyl 
xanthate, potassium ferrocyanide and sodium sulphide which acted as copper 
inhibitors produced nearly complete poisonuig of the enzyme as well as 
inorganic copper and copper-protein mixture. On the basis of these results 
the authors suggest that ascorbic acid oxidase is a copper-protein compound 
and that the activity of ascorbic acid oxidase is related to the presence of 
copper in combination with proteins On the other handi Barron et al 
(1936 h) found that glutathione, proteins and ammoacids protected ascorbic 
acid from oxidation through the agency of catalytic metals such as Cu, but 
not from oxidation by enzymes such as the ascorbic acid oxidase of squash. 
Later Knshnamurthy and Giri (1941a) found that pyrophosphate which 
inhibits the Cu oxidation of ascorbic acid does not exert any significant 
influence on the enzymic oxidation of the vitamin. Mystkowski (1942) has 
shown that the oxidation of ascorbic acid by Cu is inhibited by NaCI, while 
the activity of ascorbic acid oxidase from cucumber is not influenced by it. 
The results reported in the present investigation also show that except 
S-hydroxyquinolm and sodium diethyldithiocarbamatc all the compounds 
investigated, namely ademne, uric acid, guanme, xanthine, theophylline, 
creatinine and oxalic acid do not exert any inhibition on the enzymic oxida- 
tion of ascorbic acid, while the Cu oxidation of the vitanun is considerably 
inhibited m their presence It is clear therefore that all Aibstances which 
inhibit the Cu oxidation of the vitamin need not necessarily inhibit the enzymic 
oxidation Oar present knowledge of the chemical nature of the enzyme 
ascorbic acid oxidase is too limited to allow a fundamental approach to the 
interpretation of the nature of the difference observed on the effect of the 
inhibitors on the enzymic and Cu oxidation of the vitamin, but nevertheless 
it offers interesting field for further exploration. 

Summary 

1 The influence of xanthine, adenine, uric aad, theophylline, guanine, 
creatinine, oxalic acid, sodium diethyldithiocarbamate and S-Hydroxy- 
qumolm on the oxidation of vitamin C by Cu and ascorbic acid oxidase hag 
t^n studied. 

2. Sodium diethyldithiocarbamate and 8-hydroxyquinohn inhibit both 
the enzymic and Cu oxidation of vitamin C The other compounds investi- 
gated inhibit only the Cu oxidation without exerting any influence on the 
enzymic oxidation of the vitamin. 
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3. The bearing of these results on the nature of ascorbic acid oxidase 
and thetr application to the study of the nature of catalytic systems in plants 
which oxidise the vitamin have been discussed Various types of inhibitors 
of vitamin C oxidation have been listed and properly classified. 
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